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I. PROBLEM STATEMENT 
A. Introduction 
The long-awaited dream of rice self-sufficiency in 
Indonesia became a reality in 1984. This achievement was 
the result of a massive and consistent program on the part 
of the government on the one hand, and empirical proof of 
farmers' rational economic responses on the other. 
Intensive public investment programs and heavy subsidies 
have been made possible through a bonanza of oil revenue and 
foreign borrowing. Rice production by the small farmer 
sub-sector has doubled during the last 15 years. During 
1977-1985 period it grew at a spectacular and unprecedented 
rate of more than 5 percent a year. Responses to improved 
technology that expanded production possibility frontiers, 
coupled with effective input delivery systems and favorable 
input-output price structures, had prompted millions of 
small farmers to increase their production. 
The country has taken advantage of technological 
"backlog" (Johnston and Kilby, 1975) in rice production, 
together with the advantage of import substitution in 
international trade. The rice intensification program, a 
concerted effort toward the widest adoption of new High 
Yielding Varieties (HYV's), has been launched since the 
First Five Year Plan, 1969-1974. The main components of the 
program consist of: (i) continuous research and 
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verification trials for the improvement and adaptation of 
technology to different agro-climate and locality 
conditions, (ii) improvement and expansion of rural 
infrastructure, especially irrigation network and access 
road, (iii) establishment of extension service and input 
delivery system down to the village level, and (iv) economic 
incentives in the form of guaranteed output prices and 
subsidized inputs, such as fertilizer, pesticides, credit, 
and irrigation water. 
The heart of the problem is how to reach and motivate 
the millions of small farmers. According to 1973 
Agricultural Census, there were about 14 million small 
farms in Indonesia averaging only 0.9 Ha in size. The 
number Jiad grown to slightly more than 19 million by 1983. 
A network of agricultural extension from national level down 
to provincial, district, subdistrict and village level has 
been established through the intensification program. 
Village unit areas or Wilayah Unit Desa (WILUD) have been 
established for each block of 600-1000 Ha farmland. Each 
unit is equipped with (i) at least one field extension 
worker or Penyuluh Partanian Lapangan (PPL), (ii) kiosks of 
agricultural inputs, (iii) a village branch of national 
bank, i.e.. Bank Rakyat Indonesia (BRI) for credit 
administration, and (iv) a village unit enterprise called 
Badan Usaha Unit Desa (BUUD), or cooperative termed Koperasi 
Unit Desa (KUD). These "spearheads" of intensification 
program worked closely with the village leadership. 
Prominent farmers were identified and selected to organize 
farmer groups and to enhance farmers' participation. In 
1984 there were about 18,600 PPLs, 3,620 BRI branches, 6,450 
KUDs, 18,700 retail warehouses/kiosks, and more than 200,000 
farmer groups (Birowo, 1987). 
The rapid spurt in rice production during the late 1970s 
and early 1980s was generated using the group approach. A 
special program called INSUS, which stands for 
"Intensifikasi Khusus" and means special intensification 
program, was launched starting in 1979. All farmers 
operating land in a particular block were organized to 
jointly use the best practices available for that area. 
Table 1.1 shows the development of INSUS program together 
with total area and yields. 
The Indonesian agricultural production unit is basically 
a multi-output farm. A wide range of feasible crops and 
livestock can be technically supported by the tropical 
agroclimatic conditions. Field crops can be planted all 
year round, especially when irrigation facilities are 
available. The smallness of holdings, especially in the 
densely populated Java and Bali, further necessitates 
intensive use of land resource. Various forms of multiple 
cropping are found. 
Table 1.1. Rice production and the role of intensification, 1974-1985 (CBS, 1986) 
Year 
Area 
Harvested 
Total 
Intensification 
Under 
INSUS 
Production 
(000 ton) 
Yield 
(ton/Ha) ('000 Ha) 
1970 8,135 2,093 — 13,140 1.62 
1971 8,324 2,798 - 13,724 1.65 
1972 7,983 3,169 - 13,183 1.65 
1973 8,404 3,901 - 14,607 1.74 
1974 8,509 3,724 - 15,276 1.80 
1975 8,495 3,640 - 15,185 1.79 
1976 8,368 3,613 - 15,845 1.89 
1977 8,360 4,240 — 15,876 1.90 
1978 8,929 4,848 - 17,525 1.96 
1979 8,850 5,023 - 17,872 2.02 
1980 9,005 5,516 1,060 20,163 2.24 
1981 9,382 6,186 1,706 22,286 2.38 
1982 8,988 6,343 2,945 22,837 2.54 
1983 9,162 6,695 3,471 24,006 2.62 
1984 9,636 7,654 3,977 25,933 2.70 
1985^ 9,831 7,508 4,011 26,542 2.70 
^Preliminary. 
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Intercropping, relay planting, and sequential cropping 
are common, especially in dry land. Dry land represented 
about 57% of total arable land in 1980. On irrigated rice 
fields, non-rice crops are also planted, particularly in the 
dry season ^ when irrigation water is not securely available 
or sufficient for rice growing. Table 1.2 presents the 
relative importance of major commodities in agriculture, in 
terms of production, value added and approximate employment 
absorption. Food crops contribute roughly 50% of the 
agricultural sector of DP and value added, and 85% of 
employment in the sector. 
Intensification programs similar to rice have also been 
extended to non-rice commodities, but not as vigorously as 
that for rice yet. The development of these non-rice 
commodities have also been much slower. Harvested areas of 
some non-rice food crops, like corn, cassava, and sweet 
potato, have even been declining. Rice in many instances 
has taken over areas previously used for non-rice crops, a 
trend accompanying improved irrigation and cheap water 
policies. Observations show that non-rice commodities can 
be enhanced by devising an appropriate policy package and 
making use of the accumulated human and physical capital 
initially developed for rice. 
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Table 1.2. The relative contribution of agricultural 
subsectors/ 1980* (CBS, 1982) 
Gross 
Production Value added Employment 
(Rp million) (Rp million) ('000 persons) 
Rlce 3,436 (21.8) 3,135 (26.3) 9,816 (29.9) 
Non-rlce food 
crops 4,318 (27.4) 2,967 (24.9) 17,982 (54.8) 
Other crops 3,455 (21.9) 2,411 (20.3) 2,439 (7.4) 
Animal husbandry 1,921 (12.2) 1,191 (10.0) 1,225 (3.7) 
Forestry 1,625 (10.3) 1,412 (11.8) 512 (1.6) 
Fishery 1,011 (6.4) 793 (6.7) 844 (2.6) 
Agricultural 
sector 15,766 (100) 11,909 (100) 32,818 (100) 
All sectors 76,305 48,330 46,268 
^Based on 1980 I-O Table. 
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B. The Policy Context 
Two major events have changed the scenario and outlook 
for food policy in the 1980s. First, the achievement of 
rice self-sufficiency implies that the advantage of domestic 
production for import substitution has been exhausted. The 
problem of rice surplus now must be faced. During the 1985 
harvest season, farm gate prices dropped about 10-20% from 
the previous year, while the farmers had expected a 6% floor 
price increase as announced in advance by the government. 
The storage capacity of BULOG, the national agency for rice 
price stabilization, can no longer hold additional volumes 
of rice. Meanwhile, the Indonesian withdrawal as a major 
buyer from the international rice market contributes to the 
drop of world rice price, which in turn prevents the country 
from exporting its surplus rice profitably. 
Second, the decline of world oil prices coupled with an 
increasing external debt service problem have put the 
Government in a severe budget constraint. This is due to 
the fact that oil revenue and foreign capital borrowing have 
become the major sources of government revenues. Oil 
revenues constitute 50-65% of total government revenue 
during the oil boom in 1974 to the beginning of 1980. 
Foreign debt accumulated to more than $30 billion and the 
period of 1980s onward will be the time for debt repayment. 
Debt service ratio in 1985 was already more than .35. The 
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high input subsidies and high rate of investment in 
agriculture can no longer be supported. Fertilizer 
subsidies peaked in the 1984/85 budget in an amount of Rp 
732 billion, i.e., about 43% of agricultural and irrigation 
expenditures and 7% of total development expenditure. In 
addition, irrigation water has been provided to farmers 
practically free of charge. Reducing input subsidies will 
no doubt affect production decisions, resource allocation, 
output, and farmers' incomes. It will not only affect rice 
as the currently major user of these resources, but will 
eventually have an effect across the board on all 
commodities. 
One of the policy issues confronting the country, 
therefore, concerns appropriate input and output pricing. 
By necessity, the fertilizer subsidy need to be reduced, 
thus increasing its price to farmers. A phasing out of the 
fertilizer subsidy has been proposed and actually 
implemented. 
The present narrow marketing margin between floor and 
ceiling prices for rice is primarily intended to protect 
consumers and to provide incentives to producers. But this 
policy discourages the participation of private traders in 
the storage of rice and forces the BULOG to become 
practically the single rice trader. If the price margin is 
to be widened, it will be likely to depress farm gate price. 
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as pointed out above. Eventually the profitability of 
producing irrigated rice will be somewhat squeezed. The 
profitability of rice production will become even smaller if 
irrigation water has to be charged to farmers. 
Non-rice crop potentials have been relatively untapped. 
If markets for these crops could be found with profitable 
pricesa direction toward crop diversification could be 
signaled. A development strategy in post-rice era should 
not only tap the technological backlog in non-rice crop as 
another source of economic growth, but also at the same time 
promote equity. 
Obviously, a new policy package has to be thoroughly 
formulated. Quantitative empirical analysis on the 
interrelationships among various input and output prices and 
the degree of scale economies are needed. Previous 
empirical studies have concentrated on rice as a single 
commodity (Sri Handoko, 1983; Sumodiningrat, 1982; Pitt, 
1983; Hutabarat, 1985). This method is justified if there 
are no, or negligible, cross commodity effects among these 
crops. However, the fact that (i) some fixed input, 
particularly land is "allocable" among crops, and (ii) farms 
are commonly producing several crops in multiple cropping 
systems, suggest possible technical interdependence among 
Indonesia has been exporting dried cassava chips and is 
still importing soybeans. 
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crops. Therefore, there is a strong case for jointness in 
output (Shumway et al., 1984). The nature and degree of 
interrelationship is a matter of empirical investigation. 
An analytical framework for a multiproduct environment is 
required. 
C. Objectives 
Considering the above information on the agricultural 
development and emerging policy issues, the study is 
centered around the following interrelated objectives: 
1. To provide descriptive analysis of the structure of 
Javanese food crop agriculture. More specifically, it is 
intended to gain some understanding of the profile of farm 
households, the type of crops produced, resource use 
intensity, and enterprise profitability. 
2. To characterize the underlying production technology 
for major food crops enterprises. Effectively, the research 
will provide some formal hypothesis tests on homotheticity, 
output non-jointness, and weak output separability. The 
results are expected to shed some light on appropriate 
modeling in the multiproduct environment. 
3. To obtain some quantitative estimates of farmers' 
production responses to changes in price structures and 
output expansion. By applying a multi-product cost function 
framework, the study will investigate the degree of 
interdependence among several decision variables. It is 
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hoped that knowledge on matters such as the input demand 
elasticity matrix and product specific and multi-product 
scale economies will be useful for improved policy decisions 
on pricing policies disaggregate growth strategy. 
D. Organization of Report 
The study is organized as follows. Chapter II presents 
some detailed analysis of the structure of Javanese food 
crop agriculture and small farmer development programs. The 
theoretical model based on duality theory and its 
econometric estimation technique are developed in Chapter 
III. The data set used and discussion on the construction 
of variables are explained in Chapter IV. Empirical results 
on the estimated parameters and its interpretation in terms 
of input demand elasticity matrix, substitution and 
complementary possibilities, and scale economies are the 
subject of Chapter V. That discussion is presented along 
with some results of hypothesis tests on the underlying 
production technology. Policy implications are presented 
and suggestions for further research are given. 
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II. STRUCTURAL ASPECTS OF THE JAVANESE. 
FOOD CROP ECONOMY 
A. Population Pressures in Java 
The Indonesian population is quite unevenly distributed 
among regions, especially between Java and the rest of the 
country. The most reliable information for this comparison 
is the population census results presented in Table 2.1. 
Around two-thirds of the country's population live in Java, 
the area of which is less than seven percent of the country. 
The population share of Java has tended to decrease slowly, 
falling from 68.9 percent in 1930 to 60.7 percent in 1985, 
but Java's population is still increasing, absolutely 
reaching almost 100 million in 1985. The average rate of 
growth for Java has been lower than the other regions, but 
the bulk of the population increase still has to be absorbed 
in already crowded Java. 
Table 2.2 presents the population density in Java, 
broken down into its provinces. The average density of the 
country was 31 persons per sq. km in 1930 and continuously 
increasing up to 85 persons per sq. km in 1985, still a 
somewhat low figure internationally. However, population 
density in Java was about ten times the national average. 
In 1930, the density had already reached 315 persons per sq. 
km, and the figure rose to 753 in 1985, making Java one of 
the most densely populated areas in the world. As can be 
Table 2.1. Distribution and growth of population in 
Indonesia, 1930-1985 (CBS, 1986) 
Area Population (OOP) 
Region (sq. km) 1930 1961 1971 
A. Java® 132, 187 41,718 63,059 76,086 
(6. 9) (65.9) (65.0) (63.8) 
B. Other Regions® 1,787, 256 18,875 34,026 43,122 
(93. 1) (31.1) (35.0) (36.2) 
1. Sumatera 473, 606 8,255 15,739 20,809 
2. Kalimantan 539, 460 2,170 4,102 5,155 
3. Sulawesi 189, 216 4,231 7,074 8,528 
4. Bali & Nusa 
Tenggara 88, 488 3,461 5,558 6,618 
5. Maluku & 
Irian Jaya 496, 486 758 1,548 2,012 
Indonesia 1,919, 443 60,593 97,085 119,208 
^Figures between brackets are percentages over 
Indonesia. 
^Computed using compound growth formula. 
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Population (000) Growth Rate^ (% p.a.) 
1980 1985 1930-61 1961-71 1971-80 1980-85 
91,270 99,502 1.3 1.9 2.0 1.7 
(61.9) (60.7) 
56,220 64,374 1.9 2.4 
o
 
m
 2.7 
(38.1) (39.3) 
28,017 32,667 2.1 2.8 3.3 3.1 
6,723 7,781 2.1 2.3 3.0 3.0 
10,409 11,597 1.7 1.9 2.2 2.2 
8,487 9,320 1.5 
00 00 CM 
1.9 
2,584 3,008 2.3 2.7 
00 CM 
w
 
o
 
147,490 163,876 1.5 2:1 2.3 2.1 
Table 2.2, Population density, 1930-1985 (CBS, 1986) 
Area Population (000) 
(sq. km) 1930 1961 1971 
OKI Jakarta 590 811 2,973 4,579 
West Java 46,300 . 10,586 17,615 21,6,24 
Central Java 34,206 13,706 18,407 21,877 
DI Yogyakarta 3,169 1,599 2,241 2,489 
East Java 47,922 15,056 21,823 25,517 
Java 132,187 41,718 63,059 76,086 
Indonesia 1,919,443 60,593 97,085 119,208 
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Population (000) Density (persons/so. km) 
1980 1985 1930 1961 1971 1980 1985 
6,503 7,829 1374 5039 7761 11023 13269 
27,454 30,733 228 380 467 593 664 
25,373 26,934 400 538 639 742 787 
2,751 2,967 504 707 785 868 936 
29,189 31,039 314 455 532 609 648 
91,270 99,502 315 477 576 690 753 
147,490 163,876 31 51 62 77 85 
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Identified from Figure 2.1, only a few districts in 1980 had 
not exceeded 600 persons per sg. km. A sizable proportion 
of the rural areas had reached density well above 1000 
persons per sg. km. 
The problem, however, is not with the high population 
density per se, but with the capability of the economy to 
provide a reasonable and sustainable economic opportunity to 
support them. The 1980 population census shows that out of 
91.2 million people in Java, 68.3 million, or 75.0 percent, 
lived in rural areas, and only 25.0 percent of them were 
urban. Thus, with the high population density, Java was 
still "underurbanized" (Jones, 1984). Agriculture was the 
major sector for employment. About 16.3 million people out 
of a 32.8 million labor force, or 49.7 percent, found their 
main employment in agriculture. For the rural population, 
the proportion of agricultural employment was 61.8 percent, 
while for the urban it was 9.5 percent. 
A process of diversification of the employment structure 
in rural Java away from heavy dependence on agriculture has 
been taking place. Table 2.3 shows that the share of 
non-agricultural employment in rural areas was 17 percent in 
1961 and rose to 33 percent in 1980. And the percentage 
tended to be higher for female than the male counterpart. 
Peculation Density (Person/Sq Rn) 
<600 
600-699 
700-799 
800-899 
900-999 
1000-2500 
>5000 
Figure 2.1 Pcçjulation density by district in Java, 
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Table 2.3. Share of non-agricultural employment in rural 
areas, 1961-1980 (Jones, 1984) 
Year Male Female Both Sexes 
1967 16 20 17 
1971 23 28 25 
1976* 25 26 26 
1980 31 37 33 
®Data from intercensal survey, possibly somewhat 
underestimated. 
Available renumerative employment in rural areas is low 
relative to the labor force. Although open unemployment is 
not high, underemployment is widespread. 
The 1980 SURGASAR^ data (Table 2.4) reveals that only 
about 2.6 percent were classified as openly unemployed. 
However, 33.7 percent of the economically active persons 
worked less than 35 hours per week. If the 35 hours per 
week is assumed as cut-off point for fully employed in rural 
areas, the total equivalent full time work for this category 
was 5,819 persons, leaving 3,395 persons or 12.4 percent 
equivalent unemployed. Thus, the level of unemployed labor 
force was about 15.0 percent. If we take 42 hours per week 
^A multi-objective household survey called Survey Ganda 
Sasaran, abbreviated as SURGASAR. See Chapter IV for 
details. 
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for full time equivalent, the corresponding level of 
unemployment would be about 18.2 percent* 
A lot of people worked, or had to work, very long hours. 
In fact, 13 percent of the labor force worked longer than 60 
hours a week. For many, the problem was a matter of 
survival, due to low productivity and income, as it is 
evidenced from Table 2.5. 
Among those employed for wages or salaries, which 
amounted to 45 percent of the labor force in the sample, 
16.4 percent of them worked over 60 hours per week, 
averaging 69.7 hours. Their average daily wage turned out 
to be the lowest, i.e., Rp 293.20. They worked long hours, 
including a high proportion of secondary employment, just to 
attain or maintain a relatively low level of welfare. Their 
average monthly per capita expenditure was Rp 6,384.90, or 
equivalent of about $10.00 per month at 1980 prices. 
Those reported as unemployed seemed to have no secure 
job. Becoming completely idle was impossible for anyone in 
an economy without unemployment benefit or other forms of 
social security scheme. These groups, together with the 
underemployed group, had lower per capita expenditure. 
Multi-earners and multi-sources of incomes were common 
for rural households. In 1980, SURGASAR records that the 
average working member per household was 1.8 persons. The 
number would be 2.08 when one included persons not 
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Table 2.4. Economically active population by duration of 
work category rural Java, 1980 (CBS, 1985) 
Equivalent 
Hours of work Sample unemployed 
Category a week n % n % 
1 _b 700 
v
o
 C
M
 
700 2.6 
2 <35 9,214 33.7 3,395 12.4 
3 35-60 13,699 50.1 - -
4 >60 3,706 13.6 - -
Total 27,319 100.0 4,095 15.0 
^Assuming 35 hours per week as fully employed. 
^Persons without a secure job. 
Table 2.5. Some characteristics of wage/salary employment, rural Java, 1980 
(CBS, 1985) 
Hours of work per week® 
Item <35 35-60 >60 
Number of sample 41 3074 7053 2995 
Average hours/week 27.8 (16.4) 23. 8 (7.0) 46. 4 (7.6) 69. 7 (7.0) 
Main employment 0 (0) 21. 5 (7.5) 39. 0 (11.8) 51. 9 (19.1) 
Secondary employment 27.8 (16.4) 2. 3 (5.3) 7. 4 (11.2) 17. 8 (18.3) 
Average Wage (Rp/day) 399.2 (354.1) 468. 
# 
7 (401.2) 411. 3 (357.6) 293. 2 (248.9) 
Per Capita Expendi­
ture (Rp/mo) 5581.1 (3041.0) 5273. 8 (2962.1) 6042. 0 (3657.9) 6384. 9 (4422.9) 
^Figures in brackets are standard deviations. 
^Persons without a secure job (but apparently they did casual works). 
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economically active (those students, housekeeper, etc.), who 
also worked for at least an hour per day. In terms of hours 
worked, the last category contributed about 8.1 percent. 
The multiplicity of sources and significance of income 
for different household groups is shown presented in Table 
2.6. 
B. Land Resources 
Population pressure on agricultural land in Java has 
been enormous and a long-term phenomenon. The apparent 
flexibility and remarkable absorption capacity is due to the 
nature of the resource endowment as well as the human 
response. Javanese soils are naturally fertile, being 
formed for a large part from young volcanic soils (Latosols, 
Andosols and Regosols) and alluvial soils. Some less 
fertile soils are formed from tertiary sediments, especially 
limestone. A monsoon climate influences the island, 
resulting in a somewhat distinct wet and dry season 
favorable for the cultivation of a wide range of crops. 
Since very early in Javanese history, man-made terraces 
and gravity irrigation have enhanced the famous stable sawah 
ecosystem. Sawah refers to a leveled and bunded plot of 
land to be inundated and dried according to rice culture 
requirement. With good irrigation the farmer can produce 
two rice crops a year, and using shorter-maturity rice 
Table 2.6. Relative share of income by source, rural Java, 1980 (CBS, 1985) 
Group 
Income Agric. 
source laborer 
Farmer 1 
<.50Ha 
Farmer 2 
.51-l.OOHa 
Farmer 3 
>1.00Ha 
Estate/ 
Forestry 
Worker 
Lower 
Non-
Agric. 
Higher Econom-
Non- ically 
Agric. Inactive 
Food crop 6.4 25.0 50.8 51.2 15.2 1.3 4.7 8.7 
Other agri­
culture 1.1 4.0 7.1 9.6 5.9 0.3 0.4 0.9 
Non-agric. 
enterprises 3.5 22.9 12.0 10.0 34.4 49.3 22.5 6.4 
Wages and 
salaries 77.6 29.8 11.2 9.5 33.1 40.7 60.5 19.1 
Others 11.4 18.3 18.9 19.7 11.4 8.4 11.9 64.9 
Proportion of 
sample (%) 21.1 33.7 6.4 6.3 4.4 18.4 5.6 4.3 
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variety, even three crops can be harvested. Geertz (1963) 
gives an excellent account of this sawah ecosystem. 
The settlement pattern of the Javanese seems also 
advantagous for intensive land use. It is usually 
established in a contiguous dry land area, forming a village 
community. The ecosystem is comparable to a man-made 
forest, which is ecologically stable, comfortably habitable 
and economically productive. Three layers of various trees, 
shrubs and herbaceous annual crops are usually skillfully 
planted (Stoler, 1978). 
Beginning around the turn of this century, expansion of 
agricultural areas for irrigated sawah had been somewhat 
limited. Expansion took place mainly on the dry land area, 
or tegal. Some dry land rice was planted in the rainy 
season, but non-rice food crops like corn, cassava and beans 
were the main crops on the dry land. 
The development of these agricultural lands for the 
period 1900-1980 is presented in Table 2.7, Table 2.8 
presents per capita availability of arable land, together 
with cropping ratio and food output. 
Agricultural areas have been increasing, especially for 
dry land, but with a decreasing rate. From 1960 to 1980 
there was even a decrease in total arable land, especially 
dry land. This happened for at least two reasons: (1) 
encroachment of the agricultural dry land by various 
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Table 2.7. Arable land for peasant agriculture,* Java, 
1900-1980 (000 Ha) 
Year^ Sawah Dry land Total 
1900 2,700 2,900 5,600 
1921 3,136 3,793 6,929 
1940 3,384 4,544 7,928 
1959 3,484 4,908 8,392 
1980 3,491 4,638 8,129 
^Excluding plantation. 
^^1900-1940 compiled by Sie (1968); 1959 data from Pelzer 
(1967); and 1980 data from CBS (1982). 
Table 2.8. Area per capita, cropping ratio and yields in Javanese food crops 
agriculture, 1880-1980 (Booth, 1985) 
Area (Ha/Capita) Sawah Yields (ton/Ha) 
Cropping Sawah All food Output (ton/ 
Year Sawah Dryland Total Ratio Rice crops® capita) 
1880 0.091 0.024 0.115 1.003 2.175 n.a. n.a. 
1900 0.079 0.031 0.110 1.003 2.154 11 • â • n.a. 
1920 0.086 0.094 0.180 0.937 2.177 1.160 0.186 
1940 0.070 0.093 0.163 1.064 2.189 1.236 0.199 
1960 0.056 0.079 0.135 1.167 2.253 1.207 0.160 
1980 0.038 0.049 0.087 1.239 4.547 2.2025 0.187 
^In equivalent rice (weighted by individual crop calorie equivalent). 
^Figures are for 1925. 
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buildings, roads, dams; and (2) conversion of dry land into 
sawah through irrigation projects. Some good sawah, 
unfortunately, has also been converted into non-agricultural 
land. The decrease of agricultural land in Java was 
confirmed by results of agricultural censuses of 1963 and 
1973. Between the two periods, there was a decline in 
average farm size, increase in fragmentation, and 
encroachment of house compounds on the total agricultural 
land. 
Agricultural land per capita in 1980 was 25 percent 
lower compared to a century before. Average Sawah per 
capita was 60 percent lower at the later period. Around 
1920, agricultural land per capita was about 0.18 Ha, 
slightly more than 50 percent of which was dry land. Since 
1920 onward, the rate of agricultural land expansion has 
been consistently lower than population growth. To maintain 
per capita farm production, cropping ratios and yields were 
only slightly increased. Food output per capita has been 
changing only slightly, deteriorating in 1960-1965, and 
restored only after the advent of the "green revolution" in 
the 1970s to early 1980s. This point will be taken up again 
in Section C. 
The macro land use in Java for 1980 and 1959 are shown 
in Table 2.9 and Table 2.10, respectively. Farmland area in. 
1980 amounted to about 8.1 million Ha or 66.8 percent of the 
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Table 2.9. Macro land use, Java, 1980 (CBS, 1982) 
Area Percentage Percentage 
(in Ha) of total of farmland 
1. Farmland 8,129,042 66.8 100.0 
a. Sawah 
Irrigated 
Rainfed 
(3,491,275) 
2,513,542 
977,733 
(28.7) 
20.7 
8.0 
(42.9) 
30.9 
12.0 
b. Dry land 
House compound 
Gardens/legal 
Other 
(4,637,767) 
1,553,665 
2,657,646 
426,456 
(38.1) 
12.8 
21.8 
3.5 
(57.1) 
19.1 
32.7 
5.3 
2. Estates 602,831 5.0 
3. Forest 2,391,610 19.6 
4. Miscellaneous 1,049,982 8.6 
TOTAL 12,173,465 100.0 
» 
30 
Table 2.10. Macro land use, Java, 1959 (Pelzer, 1967) 
Classification 
Area 
(000 Ha) 
Percent of 
total area 
1. Land used by smallholders 
Sawah area 
Dry land 
Tidewater fish pond 
Subtotal 
3,484.0 
4,908.0 
107.0 
8,499.0 
26.4 
31.1 
0.8 
64.3 
2. Land held by plantations 
Area planted 
Area uncultivated 
Subtotal 
374.9 
252.4 
627.3 
2.8 
1.9 
4.7 
3. Forest area 2,997.0 22.7 
4. Other lands 1,094.1 8.3 
TOTAL 13,217.4 100.0 
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total land surface of Java. Among this smallholder 
farmland, 42.9 percent was sawah and 32.7 percent was dry 
fields, making the two major fields for food crop production 
totaled 6.1 million Ha. 
FAO (1974) considers that, agroclimatologically, only 
4.9 million Ha of Java's land is naturally suitable for 
annual crop production. Current land use has exceeded this 
level considerably. Pelzer (1967) notes that at least 30 
percent of land in Java should be kept as forest cover. 
That figure was actually 22.7 percent in 1959, and decreased 
further to only 19.6 percent in 1980. In addition, about 
1.2 million Ha of land was in critical condition, being 
exposed to open erosion. The negative effects of erosion 
were not confined to soil degradation and direct loss of 
productivity, but also flooding and siltation, damaging 
reservoirs, irrigation structures and farmland downstream. 
The farms in Java were extremely small by any standard. 
In 1980, there were about 10.4 million farms, 42.8 percent 
of which were less than 0.25 Ha and 72.7 percent less than 
0.50 Ha. Most of the farms were owner-operated, the rest 
were rented/sharecropped, both fully or partly (Table 2.11). 
Figure 2.4 illustrates the farm size distribution in Java 
based on the 1983 Agricultural Census. 
Among the owners as well as among the cultivators, land 
distribution is not subject to severe maldistribution. The 
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Table 2.11. Distribution of farms by size and status, rural 
Java, 1980 (CBS, 1982) 
Number of farms 
Landholding (Ha) (000) Percent of total 
Less than 0.25 4,443.0 (100) 42.8 
Owner-operated 3,335.9 (75.2) 
Rented 818.2 (18.5) 
Partly rented 278.9 (6.3) 
0.25-0.50 3,098.3 (100) 29.9 
Owner-operated 2,162.6 (69.8) 
Rented 513.3 (16.6) 
Partly rented 442.3 (13.6) 
Over 0.50 2,830.1 (100) 27.3 
Owner-operated 2,057.2 (72.7) 
Rented 200.3 (7,1) 
Partly rented 572.6 (20.2) 
TOTAL 10,361.4 100.0 
3 4 
Figure 2.2. Distribution of farms, Java, 
(Hastings, 1986) 
Legend; 
Farm Size Category (Ha) 
1 < 0.05 
2 0.05 - 0.09 
3 0.10 - 0.24 
4 0.25 - 0.49 
5 0.50 - 0.74 
6 0.75 - 0.99 • 
7 1.00 - 1.99 
8 2.00 - 2.99 
* 9 > 3.00 
1983 
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problem is the absolute smallness of the farms and the 
existence of many near-landless and landless farm laborers. 
Viewed in this way, certainly the problem of maldistribution 
comes to the surface. Sajogyo (1976) noted that in 1963 
there were 7.8 million peasant farmers with an average of 
0.7 Ha: 
(i) 3.8 million farms with land above 0.5 Ha, 
averaging 1.20 Ha, 
(ii) 4.0 million farms with land under 0.5 Ha, 
averaging 0.27 Ha, and 
(iii) 4.0 million non farm households having, by census 
definition, less than 0.1 Ha or none. 
There are differences in productivity and value of 
different types of land. It is not easy to assess the 
differential land value, since there are no active land 
markets in operation. The 1980 SURGASAR data gives 
information on land transactions, both rented and 
sharecropped, which can be used to gauge land rents for 
different types of land. 
As can be seen from Table 2.12, the average farm size in 
1980 was only 0.686 Ha. Sawah comprised 47.3 percent and 
dry land was 52.7 percent. House compounds took an average 
of about 15.8 percent of the land holdings, with smaller 
variation among farms. The smaller the farms, this category 
of land became more important as a source or edible or 
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Table 2.12. Arithmetic mean of farm size and its 
composition, rural Java, 1980 (CBS, 1985) 
Land type 
Area 
(in 0.00 Ha)' Percent 
1. Sawah 
Year round irrigation 
Not year round irrigation 
No irrigation 
2. Dry land 
House compound 
Mixed gardens 
Other 
TOTAL 
14.4 (46.0) 
5.9 (41.5) 
12.5 (35.9) 
10.8 (19.0) 
22.4 (51.7) 
2.9 (19.2) 
68.6 (98.7) 
2 0 . 2  
8.6 
18.5 
15.8 
32.7 
4.2 
100 .0  
Figures in brackets are standard deviation. Sample 
size = 7202. 
marketable products. However, sawah of various types and 
mixed gardens (tegal), comprising about 80 percent of land 
holdings, were clearly the most important portion where food 
crops were produced. 
The average proportion of various land type presented in 
Table 2.12 corroborates the macro land use of Table 2.9, 
indicating that the sample was fairly representative. The 
figures represent the amount of land cultivated or worked by 
farmers. Not all cultivated land was wholly owned. Nor all 
land owned was cultivated by the owners. However, only 6.7 
percent in the 1980 sample reported renting out some land, 
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averaging 0.476 Ha. About 16.7 percent reported renting in 
some land with an average of 0.356 Are. 
From those farms renting-in lands, 54 percent paid fixed 
money rent and 40 percent were sharecroppers. From 653 
samples paying fixed rents, the amount paid per Ha for 
different types of land is shown in Table 2.13. 
The index in Table 2.13 can be thought of as an index of 
land quality. In this study it will be used to construct 
quality weighted or adjusted farm size, which is necessary 
since farms usually consist of different land type 
combinations. The average of unadjusted size in the 1980 
sample was 0.686 Ha, while the adjusted one was 0.352 Ha. 
Table 2.14 presents the profile of rural Java 
households, in the sample based particularly on the main 
employment of the household heads and household position 
toward land. About 21*.3 percent in 1980 were non-
agriculture, 27.8 percent were landless or near landless 
households, and only 50.9 percent were landed households of 
various size categories. 
C. Farm Crop Production 
Food crops are produced almost entirely by smallholder 
farmers. As a group, smallholder production has a very 
important role in the economy. In the early 1970s it 
contributed more than 20 percent to the nation's GDP, and 
decreased to about 19 percent in the early 1980s. It 
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Table 2.13. Rent paid for different types of land, rural 
Java, 1980 (CBS, 1985) 
Land type Amount (Rp/Ha/yr) Index 
1. Year round irrigated sawah 141. 430 100 
2. Not year round irrigated sawah 111. 280 79 
3. Non-irrigated sawah 86. 700 61 
4. Mixed garden dry land 55. 050 39 
Table 2.14. Distribution of households, rural Java, 1980 
(CBS, 1985) 
Household Sample Size 
n % 
1. Non-agriculture 2,644 21.3 
2. Landless agricultural laborer 2,570 20.7 
3. Near landless 884 7.1 
4. Landed households (6,319) (50.9) 
5. Adjusted farm size (in Are)^ 
(i) <25 
(ii) 25-49 
(iii) 50-99 
(iv) >100 
3,128 
1,792 
998 
401 
25.3 
14.4 
8.0 
3.2 
TOTAL 12,417 100.0 
®One Are = 0.01 Ha. 
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constituted about 60 percent of agricultural sector GDP in 
the 1970s, and increased slightly in the early 1980s, as the 
country approached rice self sufficiency (Table 2.15). 
Geographically Java produces the larger part of food 
crops, as can be seen from Table 2.16. This is a direct 
relation to the agricultural lands cultivated in Java, both 
in terms of quantity and quality, the abundant labor force 
working in agriculture, as well as the greater capital 
invested. In 1980, for example, almost 65 percent of sawah 
rice was produced in Java. Only upland rice and sweet 
potatoes were less than 50 percent produced in the island. 
For other secondary crops, like corn, cassava, soybeans and 
peanuts, Java's role for each was more than 70 percent. As 
it has been mentioned in the previous section, intensity in 
land use in Java is reflected in increases in cropping 
ratios and yields per hectare. 
Table 2.17 presents the average growth of food crop 
production in Java for 1968-1981. During that period, food 
crop production showed a positive growth, except for sweet 
potatoes and upland rice. Yields increased considerably for 
all crops. The use of chemical fertilizers, improved 
irrigation, and the use of improved seed varieties were 
mainly responsible for these yield increases. Improved 
irrigation systems in Java, in which total available land 
could not be expanded, came at the expense of dry land. 
Table 2.15. The role of farm food crops in GDP at 1973 
constant market prices, Indonesia, 1974-1984 
(CBS, 1985) 
1974 1975 1976 1977 
Value (Rp billion) 
Farm Food Crop 1,681 If 696 1, 755 If 735 
Agriculture 2,811 2, 811 2, 944 2, 992 
Total GDP 7,269 7, 631 8, 156 8, 882 
Percentage 
Farm Food/Agriculture 59.80 60 .33 59 .61 58 .00 
Farm Food/GDP 23.13 22 .23 21 .52 19 .53 
Agriculture/GDP 38.67 36 .84 36 ,10 33 .69 
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1978 1979 1980 1981 1982 1983 1984 
1,835 
3,135 
9,567 
1,909 
3,256 
10,165 
2,073 
3,425 
11,169 
2,260 
3,594 
12,055 
2,295 
3,670 
12,325 
2,412 
3,845 
12,842 
2,600 
4,084 
13,520 
58.53 
19.18 
32.77 
56.63 
18.78 
32.03 
60.53 
18.56 
30.67 
62.88 
18.75 
29.81 
62.53 
18.62 
27.78 
62.73 
18. 78 
29.94 
63.66 
19.23 
30.21 
Table 2.16. Geographical distribution of major food crop production in Indonesia, 
1980 (in %) (CBS, 1982) 
Irrigated Upland Sweet 
Region Rice Rice . Corn Cassava Potato Soybean Peanut 
A. Java 64.39 23.84 70.64 71.36 41.88 80.98 70.05 
1. DKI Jakarta 0.22 0.04 0.01 0.03 0.10 - 0.04 
2. West Java 22.91 11.01 2.56 14.39 16.92 2.95 13.70 
3. Central Java 18.24 4.38 24.36 21.64 10.64 15.39 23.39 
4. DI Yogyakarta 1.52 2.88 2.12 4.78 0.80 5.71 5.76 
5. East Java 21.51 5.53 41.59 30.53 13.42 56.93 27.15 
B. Other Islands 36.92 76.16 29.35 28.64 58.12 19.01 29.96 
1. Sumatera 17.88 40.58 3.59 11.67 13.93 7.61 8.15 
2. Kalimantan 4.75 17.94 0.36 2.21 2.12 0.42 1.07 
3. Sulawesi 7.70 8.38 16.34 4.24 7.70 3.36 13.48 
4. Bali-NT 5.29 7.81 8.55 9.48 16.13 7.43 6.80 
5. Maluka-Irian 
Java 1.30 1.45 0.51 1.04 18.24 0.19 0.46 
Indonesia 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
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Table 2.17. Growth of harvested area, yield, and production 
of food crops, Java, 1968-1981 (CBS, 1982) 
Average Annual Growth (%/yr) 
Area 
Crop Harvested Yield Production 
Sawah rice +1.3 +3. 3 +4.6 
Palawija; 
(a) Upland rice -3.7 +3.2 -0.5 
(b) Corn -0.4 +4.1 +3.7 
(c) Cassava -1.2 +2.8 +1.6 
(d) Sweet potato -5.1 +3.1 -2.0 
(e) Peanut +1.9 +2.2 +4.1 
(f) Soybean +0.9 + 2.2 +3.1 
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Dry land crop cultivation, in terms of area harvested, had 
been decreasing, particularly for corn, cassava, sweet 
potatoes and upland rice. Peanuts and soybeans, on the 
other hand, had experienced a positive growth in harvested 
area. Market forces, especially the growing demand and 
favorable market prices, influenced farmers' decision to 
increase production of the beans. As will be shown later, 
profitability of these crops had been a major factor in crop 
choice. 
Most of the sawah land is used for rice cultivation. As 
shown in Table 2.18, about three quarters of sawah was 
planted with rice in 1976. The rest was used for other 
crops, especially corn, soybeans and peanuts. The latter 
were usually carried out in the dry season when water was 
not sufficient or secure to produce rice. Improved 
irrigation system, assured water supply and, more 
importantly, the practically free water, induced farmers to 
produce more rice in double cropping. Had water charges 
been properly assessed, more diversified crops would have 
been planted. Table 2.18 also suggest that non-rice crops 
were mostly planted in the dry land. About two-thirds of 
dry land was used to produce corn and cassava. An extensive 
study has been done on these two crops in Java (Falcon et 
al., 1984; Dorosh et al., 1985). Multiple cropping in the 
form of both intercropping and relay 
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Table 2.18. Planted area of food crops in sawah and dry 
land, Java, 1976 (CBS, 1982) 
Sawah Dry land Total 
Crop Land Crop Ha Land Crop Ha Land 
Rice 4,145 93.9 75.5 268 6.1 7.6 4,413 100.0 
Corn 728 33.9 13.3 1,421 66.1 40.5 2,149 100.0 
Cassava 51 5.2 0.9 936 94.8 26.7 987 100.0 
Sweet Potato 64 43.5 1.1 83 56.5 2.4 147 100.0 
Peanut 122 35.1 2.2 225 64.9 6.4 347 100.0 
Soybean 378 68.6 6.9 173 31.4 4.9 551 100.0 
TOTAL 5,488 100.0 3,507 100.0 0 
planting have been dominant cropping patterns in dry land or 
tegalan. 
Table 2.18 indicates that rice, mainly sawal rice, is 
the single outstanding food crop, followed by corn, cassava 
and beans in that order. This composition depends on the 
extent of the sawah and dry land as well as on other factors 
which determine the combination of crops in each respective 
ecosystem. For each region or locality, these factors are 
usually not homogeneous, nor is it static. 
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Before turning to the analysis of 1980 SURGASAR to 
substantiate the foregoing information, the trend in 
Javanese total food production will be briefly examined. 
This is presented in Table 2.19. As population increased 
from about 3.5 million in 1920 to about 63 million in 1961, 
total food production also increased, but production per 
capita was low, around 2000 cal/cap/day or even less. 
During 1970-1985, however, a steady increase in food 
production had been shown, growing faster than population 
growth, and thus, giving a positive growth in per capita 
calorie supply. 
Table 2.20 presents the significance of individual food 
crops among the annual crops planted by farmers both in 
sawah and dry land. The picture extends the previous 
information by adding all other annual crops, including 
vegetables and commercial crops such as sugar cane and 
tobacco. Relative contributions or shares are analyzed in 
terms of number of plot, area harvested and value of 
production. In each case, vegetables and commercial field 
crops are always less than 9 percent. 
In terms of area harvested, rice constituted 45.8 
percent of the total area. Vegetable share was only 2.6 
percent and commercial crops of tobacco and sugar cane were 
1.8 percent, while carbohydrate palawija 37.3 percent and 
protein palawija 10.9 percent. These figures were generally 
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Table 2.19. Pood production per capita, Java, 1920-1985® 
Gross Pood 
Production Population Average Production 
Year (million kcal) (x 000) cal/cap/yr cal/cap/day 
1920 26,572 34,984 759,547 2,081 
1930 28,880 41,718 692,261 1,897 
1940 36,695 48,416 757,907 2,076 
1961 37,831 63,059 599,223 1,644 
1970 61,967 75,079 825,363 . 2,261 
1975 70,863 82,756 856,287 2,346 
1980 99,401 91,217 1,089,717 2,986 
1985 112,232 100,560 1,116,066 3,058 
*Sie (1969) for 1920-1961; CBS (1986) for 1970-1985. 
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Table 2.20. Significance of field crop commodities, rural 
Java, 1980 (CBS, 1985) 
Percentage Contribution by 
Area Production Number 
Type of Crop Harvested Value of Plot 
1. Irrigated rice 45.8 67.3 
2. Palawijo: 
(a) Upland rice 5.0\ 2.8x 
(b) Corn 17.81 7.4 ] 
(c) Cassava 13.7/37.3 7.0 J 
(d) Sweet potato 0.8' 0.6' 
(e) Peanut 3.9x 3.3s. 
(f) Soybean 6.6)10.9 4.2 
(g) Mungbean 0.4/ 0.2/ 
3. Vegetables 4.2 3.3 
4. Other field crops 1.8 3.9 
TOTAL 100.0 100.0 
45.2 
4.9\ 
16.7 j 
7.8 13.9/31.5 
0.9' 
4.4\ 
7.7 6.4)11.4 
0.4' 
6 . 2  
2.0 
100 .0  
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consistent with the macro data described earlier. Corn and 
cassava were next to sawah rice. Production value shares, 
as Table 2.20 shows, in most cases differ from shares in 
area harvested. Thus, for example, rice and commercial 
crops of tobacco and sugar cane were relatively more 
valuable per hectare. The opposite was true for corn and 
cassava. In addition, the number of plot shares was not so 
much different from the shares in area harvested. This was 
the case, because the average areas per plot for these 
different crops did not vary considerably. 
In Table 2.21, several characteristics of the cropped 
area are presented. Most of the area harvested in 1980 were 
mainly owner-operated. Only 11.6 percent were either 
rented, sharecropped or other forms of land tenancy. 
Concerning program participation, about 44 percent of 
all crops area was covered in one form of intensification 
program or the other. As expected, rice was the major crop 
under the program of which about 77 percent was covered. 
The table also shows that a large portion of non-rice 
areas were not yet covered by the intensification program, 
most of them between 70-90 percent for different crops. 
This explains the relatively low productivity of non-rice 
crops, and thus it could become another source of growth and 
income improvement in the next phase of smallholder 
development. 
Table 2.21. Distribution of crop hectarage by status of land, season, and program 
participation, rural Java, 1980 (in percentage) (CBS, 1985) 
Status of Land Season Program Participation 
Non-
Owner- Not Bimas- Intens-
Crop operator Other Wet Dry Clear INSUS Inmas ification 
Irrigated rice 85. ,07 14. 93 65. ,56 30. ,26 4. 18 24. 03 53. 17 22. 8 
Upland rice 91. ,49 8. ,51 79. ,21 8. ,16 12. 63 5. 61 25. ,04 69. 35 
Corn 92. ,35 7. 65 47. ,06 17. 65 35. 29 0 23. ,24 76. 76 
Cassava 91. 68 8. ,32 21. ,86 16. 60 61. 54 0 9. ,75 90. 25 
Sweet potato 97. 26 2. ,74 14. ,32 24. 93 60. ,75 0 17. ,55 82. 45 
Peanut 90. ,71 9. ,29 35. ,35 32. ,48 32. ,17 0 13. ,78 86. 22 
Soybean 87. ,16 12. ,84 32. ,87 16. ,28 50. ,84 0 13. ,82 86. 16 
Mungbean 89, .23 10. 77 8. 94 33. 33 57. 73 0 30. ,41 69. 59 
Vegetables 92. 08 7. 92 30. 06 11. 10 58. 85 0 0 100 
Sugar, tobacco 88, .43 11. 57 5, .48 41, 08 53. 44 0 0 100 
Other crops 93. 77 6. 23 34. 14 2, .21 63. 65 0 5. 18 94. 82 
All crops 88 .44 11, .56 50, .46 23, .44 26. 09 11. 29 32. 87 55. 84 
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Some crops were cultivated more intensively than others. 
If total paid-out costs could be used to measure this 
intensity, sawah rice was the most intensive and cassava was 
the least. Total costs per hectare were about Rp 93,000 for 
sawah rice and only about Rp 23,000 for cassava. Peanut and 
soybean was Rp 50,400 and Rp 34,900, respectively. 
Interestingly, the cost levels were positively correlated 
with the value of production, though not proportionally. 
Table 2.23 shows this relation. The ratio of gross returns 
to cost for rice were slightly above 3, while for corn, 
peanuts and soybeans were around 4, and the ratio for 
cassava was almost 6. While there had been a tendency for 
the farmers to move towards more intensive and high-valued 
crops, the opportunity in this line was still widely open 
for palawija crops. 
Table 2.24 shows the cost structure in terms of shares 
of its input components for some major crops. Paid labor 
was the biggest single input, representing 53.2 percent for 
combined food crops. When unpaid family labor was also 
added to labor costs, as would be considered later in net 
returns calculations, labor's role in food crop production 
costs would be extremely dominant. Of course, this was just 
a reflection of, and rational response to a surplus labor 
economy in the early stage of development. 
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Table 2.22. Gross returns, total costs, and net returns for 
major food crops, rural Java, 1980 (in Rp/Ha) 
(CBS, 1985) 
Crop 
Gross 
returns 
(1) 
Total 
costs 
(2) 
Net 
returns 
(3) 
Ratio 
(1):(2) 
1. Sawah rice 301,270 93,067 208,702 3.2 
2. Upland rice 136,480 44,694 91,785 3.1 
3. Corn 92,170 24,210 67,961 3.8 
4. Cassava 132,177 22,945 109,229 5.8 
5. Peanut 192,664 50,403 142,261 3.8 
6. Soybean 142,940 34,925 108,015 4.1 
^Excludes fixed costs of land and family labor. 
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Table 2.23. Cost shares of major food crops, rural Java, 
1980 (CBS, 1985) 
Cost Shares (%) Sawah Rice Corn Cassava Beans All 
Seed 6.5 11.5 11.5 43.1 9.2 
Paid labor 55.4 42.5 46.9 35.4 53.2 
Draft animal 8.3 8.8 5.7 3.6 7.8 
Irrigation 1.5 .6 .2 .9 1.3 
Fertilizer 17.6 20.8 9.3 6.0 16.8 
Manures 1.0 7.7 15.5 3.6 2.1 
Chemicals 2.3 .4 .2 2.5 2.1 
Miscellaneous 7.5 7.8 10.7 4.9 7.5 
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The next most important input was chemical fertilizer, 
having a 16.8 percent share for combined crops. The 
increased application of this input had been a continuing 
process, especially since the mid-1970s, when most 
fertilizers had been domestically produced and highly 
subsidized. Some farmers used fertilizer up to 500 kg/Ha 
level, close to those of Japan. 
Chemicals, especially pesticides, had also been 
extensively highly and too deliberately applied to rice 
crops. The negative side effect to the environment had been 
alarming, and some move towards integrated pest management 
relying less on chemicals had been launched. Chemicals were 
also highly subsidized. So was irrigation water. The low 
share of irrigation cost in sawah rice was due to the fact 
that irrigation water practically provided free to the 
farmers. A study in East Java suggests that the 0 & M alone 
would require about Rp 23,000 per Ha per year, or at least 
Rp 10,000 per Ha per season. If farmers who directly 
benefit from irrigation had to pay the 0 & M costs, 
irrigation cost share would be no less than 10 percent. The 
share would still be higher if part of the recovery of 
investment costs were paid by them. 
The net returns estimates are presented in Table 2.24. 
Sawah rice turned out to be the most profitable, followed by 
beans, cassava, with corn the least. Relative profitability 
Table 2.24, Net returns and other characteristics of major food crops, rural 
Java, 1980* (CBS, 1985) 
Sawah Rice Corn Cassava Beans 
N = 4,557 N = 1,950 N = 955 N = 1,018 
1. Average area 
(0.00 Ha) 60.7(128.2) 54.0(98.5) 49.3(100.6) 49.7(95.7) 
2. Yield (kg/Ha) 3,072.5(50.3) 1,106.3(87.0) 4,408.9(103.6) 615.8(80.7) 
3. Fertilizer 
(kg/Ha) 215.8(64.4) 68.6(130.5) 28.2(218.4) 28.9(181.6) 
4. Labor use 
(man days/Ha) 211.5(57.8) 100.5(77.2) 105.9(78.8) 115.7(73.7) 
5. Share of family 
labor (%) 36.6(29.8) 71.0(32.3) 76.3(30.1) 66.3(33.2) 
6. Net returns 
(Rp/Ha) 
a. Family labor 
unpaid 209,105.6(66.6) 65,911.0(117.0) 105,556.0(110.4) 118,917.9(85.2) 
b. Family labor 
paid at 
market wage 184,502.3(75.5) 45,522.8(170.5) 82,214.5(140.1) 96,142.4(106.0) 
^Figures in brackets are coefficient of variation. 
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would be slightly changed if family labor was included in 
the cost calculation at the prevailing market wage rate. 
The later measure of profitability reflects the returns to 
land and management. The family labor content varied for 
different crops, the least being 36.6 percent for sawah 
rice. Family labor share for palawija crops ranged between 
66.3 and 76.3 percent. 
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III. ANALYTICAL FRAMEWORK 
A. Introduction 
The aim of this chapter is to develop an analytical 
model for empirical analysis consistent with the study 
objectives (Chapter I) and estimable using available data 
sets. Several studies in Javanese food production have been 
undertaken using cross sectional data from farm management 
surveys. They have used either dual profit function (Pitt, 
1983; Sri Handoko, 1983) or dual cost function 
(Sumodiningrat, 1982; Hutabarat, 1985). In addition, Sri 
Handoko also analyzed resource allocation using a translog 
production function approach to recover information on 
marginal products of production inputs. 
Sumodiningrat and Pitt enriched the analysis by taking 
into account seed selection bias, while Hutabarat added the 
dimension of decision making under risk. Another study has 
included production decision in an agricultural household 
framework, taking into account the interdependence between 
production and consumption decisions (Hardaker et al., 
1985). Although these studies confined themselves to the 
dominant commodity, i.e., rice, they provide some empirical 
evidence about farmers' production response to price and 
non-price changes. 
As stated in Chapter II, Javanese farms are very small 
by size. Product markets for major crops have been 
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reasonably developing, at least for the local markets. Some 
modern inputs like fertilizers, pesticides, and seeds are 
circulated in the markets or available for purchase through 
the kiosks. Some farm inputs and outputs are subject to 
government control through price policy, especially 
fertilizer and rice. It might be inappropriate to say that 
all markets are competitive in the neo-classical sense, as 
an economic institution, but it can be argued that these 
small farmers are mostly price takers for both inputs and 
outputs. Prices could be exogenously established either by 
market forces or set by the government agencies, or both. 
Farmers, by necessity, must seek to obtain the highest 
possible benefit from their activity using limited resource 
endowment, especially of land and capital. The objective to 
be optimized is not necessarily an economic profit, which 
assumes an optimal adjustment of resource allocation and 
output levels to input and output prices. The problem for 
many is still how to produce more agricultural output to 
feed the family. And government programs, support, and 
assistance have been directed to output growth. Nationwide 
a competition for the highest yield per Ha has long been the 
practice. 
Cost minimization, which is a weaker assumption than 
profit maximization in terms of farmers' behavior, 
institutional set up and production technology structure 
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might better characterize the production process. 
Competitive markets for output is not required. Increasing 
returns to scale is still compatible with cost minimization, 
in which profit maximization will break down. Flexible 
production plans for complete adjustment to output price is 
not necessary. If farmers, based on their best knowledge 
acquired through experience and other sources, can figure 
out the achievable and feasible production level, then it 
would be sufficient if they could try their best to produce 
them at the lowest possible cost. 
At the theoretical level, Lau (1976) has developed and 
characterized production models based on duality theory, 
i.e., the normalized restricted profit function. Normalized 
restricted profit function is quite general, in which the 
cost function, revenue function and total profit function 
are special cases. The key to these different cases is the 
nature of production constraint and the ability of the 
economic agents to adjust optimally to the economic 
environment, especially price structures. 
The almost co-evolution of duality theory and flexible 
functional forms, has enhanced empirical application and 
revived production analysis during the 1970s and early 
1980s. 
The subsequent discussion of this chapter will be 
focused on some aspects of duality theory, flexible 
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functional forms, normalized restricted profit functions and 
its application to the multi-product case. The 
multi-product cost function, as a special case of the 
farmers, will be developed for empirical application in this 
study. 
B. Duality Theory and Flexible Functional Forms 
The development of duality theory, coupled with the use 
of flexible functional forms, has led to the revival of 
interest in production analysis. The empirical analysis has 
also been further enhanced by the availability of rich firm 
level cross-sectional data, both in the developed and 
developing countries. 
1. Duality theory 
Duality theory is based on convex analysis. The 
mathematical basis originates in Minkowski's theorem, which 
states that every closed convex set can be represented as 
the intersection of its supporting half spaces. Hotelling 
(1932) seemed to be the first to use duality concepts. He 
also introduced the concept of the profit function. His 
important lemma permits easy derivation of optimized output 
supply and input demand functions. Shephard (1953) 
rigorously developed fundamental duality theory between cost 
and production functions. McFadden (1966) extended duality 
theory to revenue and profit functions. McFadden (1966, 
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1978), Lau (1976, 1978) are among those who established 
duality results for restricted profit function. The latter, 
which is sometimes termed "variable profit function" or 
"gross profit function," represents a generalization of the 
cost, revenue and profit functions. 
Shephard's (1953) work contains three seminal ideas: 
(i) duality between cost and production function based on 
convex analysis, (ii) Shephard's lemma, which has a far 
reaching influence on applied econometric works and 
comparative static analysis, (iii) homotheticity and 
homothetic separability concepts, which become an aid in 
aggregating variables (Diewert, 1982). 
In essense, duality in microeconomic theory of 
production refers to the existence of one-to-one 
correspondence between the production function J.n quantity 
space and its optimal dual function in price space, assuming 
regularity conditions of the technology hold. While 
production function contains the information about the 
structure of the underlying technology, the dual function 
contains technological information and the optimal behavior 
as well. Analytical results of practical value to policy 
makers and managers, like supply and demand elasticities, 
technical change parameter, return to scale, etc., can be 
derived using either approach. However, the dual model is 
usually mathematically tractable and simpler to manipulate 
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and more readily estimated using observable economic data. 
More importantly, duality facilitates a complete systems 
approach to examine interrelated and coherent structures of 
input demand and output supply, in which consistent 
theoretical restrictions across equations are enforced 
(Theil, 1980). 
There are at least three fundamental dual functions: 
the cost function, the revenue function (or indirect 
production function) and the profit function. They 
represent different forms of constraints to optimizing 
responses. For example, a system of factor demand functions 
might be derived from dual functions of either (i) 
output-constrained, i.e., cost function, (ii) 
cost-constrained, i.e., revenue function, or (iii) ordinary 
unconstrained, i.e., profit function. In addition, these 
dual functions can be thought of as special cases of a 
restricted profit function, in which an optimizing response 
is subject to several variable prices and other fixed 
non-price factors. At the outset a choice among these dual 
functions best suited for the particular research objectives 
and the real world constraints facing the economic agent is 
necessary (Young et al., 1985). 
The real functions can be represented by 
* 
(i) ir = G(p,q) for profit function, 
* 
(ii) R = G(p;c) for revenue function 
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* 
(ill) C = G(q;y) for cost function, and 
* 
(iv) ÏÏ = G(p,g;z) for restricted profit function; 
where p and q are vectors of output and input price, 
respectively; and c, y and z are vectors of constant cost, 
constant output and fixed factors, respectively. G 
represents a form of aggregator function. The asterisks 
denote the optimized values. 
There are several basic properties that each dual 
function should possess. For example, the "regularity 
conditions" for the profit function include: 
(i) continuous and twice differentiable with respect 
to input and output prices, 
(ii) linearly homogenous in input and output prices, 
(iii) monotonically non-decreasing in output prices and 
non-increasing in input prices, 
(iv) convex in input and output prices. 
Input demand and output supply can be derived from the 
dual function through the established lemmas (Young et al., 
1985); 
(i) Hotelling's lemma 
The partial derivative of the profit function with 
respect to the ith output price yields the output supply 
function for the ith output. 
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The negative partial derivative of the profit function 
with respect to the jth input price yields the ordinary 
demand function for jth input, 
" Iq" ° *j 
(ii) Roy's identity: 
The negative ratio of the partial derivative of the 
revenue function with respect to the ith input price to the 
partial derivative of the revenue function with respect to 
cost yields the constant-cost demand function for input i, 
- - *1)0 
(iii) Shephard's lemma: 
The partial derivative of the cost function with respect 
to the ith input price yields the constant-output demand 
function for input i. 
tiT = *1ly 
4 
* 
Furthermore, if tt (p,g,z) is differentiable with 
respect to the components of the fixed input vector z, 
then = W. can be interpreted as the "shadow price" for 
j 
the jth input (Lau, 1976). 
2. Flexible functional forms 
The knowledge of the set of minimum regularity 
conditions on the dual functions has prompted the 
development of suitable functional forms. The traditional 
64 
functional forms like Leontief, Cobb-Douglas and CBS, carry 
some built-in a priori restrictions. A review of the 
Cobb-Douglas function has been given, for example, by Chand 
and Kaul (1986). The empirical results which are sometimes 
thought to be research findings are in fact confounded by 
the maintained hypothesis of the functional form one 
applies. 
The notion of a flexible functional form refers to those 
forms which are capable of providing a second-order 
approximation to an arbitrary, twice differentiable 
function. The condition is satisfied if the parameters of 
the functional form can be chosen to make the values of its 
first and second order derivatives equal to those of the 
underlying true function at the point of approximation. For 
example, a production function f*(x) is a second order 
approximation to f(x) at the input vector x = (x^, . . . x^) 
if 
f (x) = f(x) 
f. = 
3X^ 
fji = —t- = -%—%-
•' ax^BXj Bx^BXj 
This can be translated into comparative static terms by 
listing the distinct economic effects of interest, written 
in terms of f, f^, fj and x. 
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Economic effect Formula • of distinct effects 
output level y = f(x) 1 
returns to scale y = (Zf^x^)/f 1 
distributive share = f^x^/CZjf) n-1 
own-price elasticity = f^^ x^/f^ n 
elasticity of substitution 
"ij r7f jï"+ I7f:iT"" n(n-l)/2 
Therefore, a necessary and sufficient condition for a 
functional form to reproduce comparative static effects at a 
point without imposing restrictions across these effects is 
that it has distinct parameters, such as would be 
provided by a Taylor's expansion to second order (Fuss et 
al », p « 231)« 
Taylor's theorem states that any arbitrary function *(x) 
can be expressed as: 
({.(Xg) *'(Xo) •"(Xq) 2 
*(x) = -gy— + —JJ— (x-Xq) + —2%— (x-Xq) + . . . 
n 
+ —--y (x-XQ) 
+ Remainder, 
provided that *(x) has finite, continuous derivatives up to 
the nth degree at the point of expansion, x = Xq. The 
precision of approximation is likely to deteriorate as one 
moves away from x. 
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Several flexible functional forms (FFF) have been 
proposed/ such as Generalized Leontief (Diewert, 1971), 
Translog (Christensen, Jorgenson and Lau, 1971) and 
Normalized Quadratic (Lau, 1976). Lopez (1985) points out 
that the choice among these functions for empirical 
applications is not purely arbitrary, as is commonly 
assumed. Not all FFF are equally general and able to model 
equally complex production structures. Especially the 
linear FFF, like Generalized Leontief and Normalized 
Quadratic, implicitly impose quasi-homotheticity and certain 
additive separability. This feature is not shared by 
non-linear FFF such as Translog. However, the Translog, as 
the FFF in general, does not satisfy global properties, 
i.e., monotonicity and convexity. The Normalized Quadratic, 
on the other hand, is capable of satisfying one of the 
regularity conditions, i.e., convexity. Therefore, there is 
a trade-off in effect between flexibility and global 
property, as also the case in choosing the FFF and the 
traditional non-FFF. 
On empirical grounds, Berndt and Khaled (1979) have 
proposed a generalized Box-Cox (GBC). The GBC takes on 
Generalized Leontief (GL), Generalized Square Root Quadratic 
(GSRQ) and Translog (TL) as special or limiting cases. If 
one can find out the best power transformation, or for 
the data space, an empirical method to discriminate among 
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several flexible functional forms can be devised* The 
problem is that, as in the case of original Box-Cox (1964) 
model, the test relies on the normality assumption of the 
data after transformation. For many economic data, this 
assumption is not so implausible, especially if models near 
translog are the appropriate ones. 
C. Empirical Model 
1. Model specification 
The general representation of a translog restricted 
profit function for multi-product technology can be written 
as: 
ÏÏ = G(p,q,z) 
where p = (pj, • • •, p^) is an m dimensional vector of 
output prices, q = (q^, . . ., q^) is an m dimensional 
vector of variable input prices, and z = (z^, . . ., z^) is 
an r dimensional vector of fixed factor quantities. The 
restricted profit tt refers to the maximized value of total 
revenue minus total variable input expenditure given p, q 
and z. Thus, in some sense it is a short-run profit, or 
equivalently Ricardian rent available as returns to the 
fixed factors z that is maximized. It has been shown that 
there is a one-to-one correspondence between the production 
function and normalized restricted profit function (Lau, 
1976). This function is assumed to satisfy regularity 
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conditions, including positiveness, continuity, 
differentiability and convexity in p and q. 
The translog restricted profit function can be written 
compactly in matrix notation as: 
(1) IT = + oA + 
where i t  = Inir 
P In p 
A' = q = In q 
A 
z In z 
Equation (1) can be interpreted as a second-order Taylor 
approximation of an arbitrary restricted profit function 
evaluated at A = 0. Given this interpretation, therefore, 
the parameters represent evaluation of the function and its 
first-order and second-order derivatives at the point of 
approximation A = 0 or (p',q',z*) = 0. For example, 
O q  =  ïï ( 0 ) ,  
a. = 
3Pj 
^ 8pj3p. 
To show the derivatives of the function, the longer 
notation will be adopted: 
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m n 2 m m 
(2) in ïï = Oq + E^Oijinp^&npj 
* 2 """j ^ !iji Tlj'nPl'nSj 
r , r r 
+ E6.£nz. + = z Z g..Anz.4nz. 
i=l^ 1 ^1=1j=l 1] 1 ] 
r m r n 
+ Z Z0..£nz.£np. + E Z T..Anz.&nq. 
i=lj=li] ^ ] 1=1j=l 1] 1 J 
By Hotelling's lemma, we have: 
* 
3Anir 9 IT p. y. «p. * 
aiSJj = sgj T ° —r * •'i 'i ' 1' • • ••" 
9Ann 3ïï q. -Xj*»q. 
stHij ' 3ij • r ' —; <^1* 'i=i' • • • n 
where is the share of expected profit accounted for by 
planned revenue for the ith output and C^* is the share of 
expected profit accounted for by planned expenses for the 
ith imput. 
The first derivatives of the profit function with 
respect to input and output prices are: 
9£nir m n 
(4) o. + Z a..&np. + Z Y-.&nq. 
3Anp. ^ j=l : j=l J 
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3£nïï n m 
= g + z 8..Anq. + E y . . l n p .  
BAnq^ j=l ^ j=l ^ 
r 
+ E T..Anz. 7.=1, . . . , n j=l 1] ] i 
For econometric modeling, the set of equations (4) can be 
combined with equations (3) In actual revenue and actual 
expense shares by appending error terms. Thus, 
Pl^l ^ (5) R. = = a. + E o..Anp. + E Y..&nq. 
1 ir 1 j=l J j=l J 
+ E e..&nz. + y. V.=l, . . . , m j=l 1] J 1 1 
q.x. n m 
~ "n"" = *1 + Z eU.Anq. + E Yi^Anp. 
1 f 1 j=l 1] J j=i 1] 3 
r 
+ E T..&nz. + y. V.=l, . . n. 
j=l IJ J 1 1 
where y, x and ir are actual, rather than planned, levels of 
output. Input, and profit, respectively. 
The system of equations (5) is a set of "transformed" 
choice functions that are Interrelated and consistent with 
the maintained behavioral hypothesis and technology. So 
far, equation (5) does not necessarily conform with the 
regularity condition a profit function should have, like 
symmetry, linear homogeneity, monotonlcity and convexity in 
input and output prices. It is still very general. 
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Symmetry and linear homogeneity properties can be expressed 
as linear restrictions on the estimating equations. These 
restrictions, therefore, can be either imposed, or 
otherwise, empirically tested. They are: 
symmetry conditions: = Yji? 
linear homogeneity conditions: 
m n 
S o. + E 0. = 1, 
i=l ^ i=l ^ 
m n 
£<*..• + 9'=1, « « « m 
j=i j=i ^ 
m n 
Z a.. + Z 0.. = 0 V.=l, . . . n 
i=l i=l ] 
m n 
Z 0 . . +  ET. . = 0  7;=1, .  .  .  r  
j=l j=i 1 
It has to be noted, however, that translog function does not 
guarantee global monotonicity nor global convexity. Unlike 
symmetry and homogeneity they can not be conveniently 
expressed in a set of linear restrictions on the parameters 
of equation (5). They can only be checked after estimation. 
Monotonicity requires that predicted revenue shares be 
positive and predicted cost share be negative; while for 
convexity the Hessian matrix needs to be positive 
semi-definite. 
Using equations (5) one can derive input demand 
functions, output supply functions, and corresponding 
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elasticities* Let us take own price elasticity for the ith 
output as an example. Remember that: 
ainir 3 IT 
3£np^ 3p^ ÏÏ 
* Pj 
= y^^*-- (by Hotelling's lemma). 
Therefore, y.* = —-Ifg— 
'i 
By taking logarithm 
iny^* = inn - £np^ + &nR^, then 
aany^ 3imr 3Anp^ 3*nR. 
ii 3&npi 3Anp^ S&np^ 3Anpu 
® i i 
= *i - 1 + R%-' 
Since 
3&nR^ SR^ Pj^ 
3&np^ 3p^ R^ 
and T-- = -— (by equation (5)). 
Pi 
3£nR. a.. 
Thus jj-- = g--
For cross-price elasticities, 
Sany^ 3£mr 3&np^ 3&nR^ 
ij 3Anpj 3&npj 34npj SAnpy' 
® i i ® i T 
= R. - 0 + =-•1 = R. + 
J i ^ i 
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By similar derivation, one can summarize the elasticities as 
follows. For outputs: 
,ny * a {  a i l  
— "  5 "  " l  "  ? i = l '  • • • ' • »  e  o u t p u t  
3 » i* à i i 
°  s j  +  " j  c  
a*ny.* .. 
——— = i—* + C. g.=l, . . m _ output 
'"q, j 9i=T' ' ' '' :G 
For inputs: 
3A"^j "i J ;t=l, . . n ; input 
nx * 
3t"5l' ° Cj- "^1 - 1 Vi=l 6 input 
°  Cp *  S  c input  
3  9  ;  *  V 1 T  
—ng-- = c vi=l' • • n G input 
34 i ^ yj=l, . . ., m g output. 
As it is noted in the beginning of this chapter, the 
normalized restricted profit function is a very general 
formulation. If, apart from the fixed production factors, 
the quantities of output produced are also held fixed, a 
multi-product cost function can be expressed. 
Using cost function formulation, the technology need not 
be restricted to be homogeneous or even homothetic. A 
non-homothetic underlying technology structure implies that 
(i) the cost-minimizing expansion path is not linear, 
(ii) economies scale are not constant, depending on relative 
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factor prices and mix and level of output, and (iii) partial 
elasticity of substitutions are also non-constant. 
Restrictive technology structure can be tested and 
nested sequentially within the non-homothetic framework. 
This means that if homotheticity is rejected in this 
framework, more restrictive homogeneity and constant returns 
to scale will be rejected automatically and need not be 
performed. If one fails to reject homotheticity, within the 
homotheticity the homogeneity can be tested. If even 
homogeneity can not be rejected, then the procedure can be 
continued for linear homogeneity or constant return to 
scale. The Cobb-Douglas form is thus a special case of the 
translog.. 
2. Model estimation 
The above econometric model takes the form of a system 
of equations with random error terms appended. All the 
dependent variables in these functions depend on the same 
set of independent variables, i.e., prices and other fixed/ 
environmental factors. Conveniently, this model ends up 
with linear in variables, linear in unknown parameters, and 
can easily accommodate some set of linear parameter 
restrictions. This linear feature has a special advantage. 
The system of share equations is singular, since the 
shares sum to unity. To make it non-singular, one equation 
could be dropped. Usually, the share equation of the input 
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whose price is used as a numeraire for normalization is 
drop. However, if an iterative technique is used in the 
estimation and the iterated estimates exist, it will 
converge to maximum likelihood, making the estimates 
invariant to which equation is omitted. For estimation 
purposes, one can use the share equations. In addition, the 
profit or cost function can also be included and jointly 
estimated. Across-equation restrictions need to be 
included, since all equations are derived from the same 
parent function, assuming the optimization behavior holds. 
For econometric estimation, the deterministic model of 
share equations need to be made stochastic. Several reasons 
can be cited for the inclusion of the error term (Fomby et 
al., 1984), such as (i) imperfect functional mathematical 
form used, including omitted variables, (ii) basic 
indeterminacy in the agent's behavior, including failure to 
completely adjust resource allocation to attain maximized 
profit or minimized cost, (iii) measurement problems caused 
by the use of proxy variables. 
The distribution of the appended random error 
disturbances need to be specified. It is commonly assumed, 
and it will also be adopted here, that the error terms are 
randomly, independently and normally distributed, 
homoscedastic across agents but contemporanously correlated 
across equations for individual agent. Hence, using 
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Zellner's two-stage generalized least squares, known as 
seemingly unrelated regression (SUR) method, one can 
increase the efficiency of estimation. The gain in 
efficiency increases with the higher correlation across 
equations, but decreases with the correlation among 
regressors. 
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IV. DATA SOURCE AND VARIABLE CONSTRUCTION 
This chapter explains the main source of data used and 
the construction of variables. Since the general background 
of the farm economy has been set out in Chapter II/ the 
discussion here will be confined to the nature and content 
of the 1980 SURGASAR, and the subsample used. The way the 
variables are constructed will be briefly discussed and a 
summary of statistics of these variables will follow. 
A. Data Source 
Only one cross-sectional data set is available to 
estimate the model in this study. It is based on the 1980 
survey of the Indonesian household sector, described below. 
The same data set has been partially used by Sumodiningrat 
(1982) for a single-crop rice production study. The 
consumption expenditure module has also been used in a food 
consumption study (Johnson et al., 1987). As far as the 
author is aware, no previous study has made use of the 
non-rice production information. 
1. The muitiobjective household survey 
During the months of February and March 1980, the 
Indonesian Central Bureau of Statistics (CBS) undertook a 
nationwide household sample survey, better known as 
SURGASAR. An acronym for Survey Ganda Sasaran, which means 
a muitiobjective or multiple target survey, the SURGASAR 
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combined three kinds of surveys, i.e., the National 
Socioeconomic Survey or Survey Sosial Bkonomi Nasional 
(SUSENAS), the Agricultural Survey and the Livestock Survey. 
It was intended to acquire a wide range of integrated 
information at the micro level of households and to get a 
more complete picture of their condition. An efficiency 
gain from such a survey was also expected through an 
integratioh of sampling design down to the census block 
(sub-village,) level, the training of interviewers, and the 
survey implementation itself. It was also the agency's hope 
that the data collected in this way could later be used for 
household sector disaggregation in the Social Accounting 
Matrix (SAM) analysis and other modeling purposes (CBS, 
1980). 
a. Information coverage SUSENAS, which has been 
periodically undertaken since 1964/1965, is in general aimed 
at systematically gathering information on socioeconomic 
characteristics of the Indonesian hoyseholds and indicators 
of their development. Two sets of information are collected 
in each SUSENAS. One is the core or basic information, and 
the other is called the module or target information. 
The core information recorded in the 1980 survey, as in 
previous SUSENAS, were the name, the relation to household 
head, sex, age and education for each member of the 
household. The core questionnaire also recorded the 
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identification of the household such as residential location 
(either rural or urban) and geographical location (province, 
district, subdistrict, census block and enumeration area). 
The module information could vary from one SUSENAS to 
another. For 1980, the modules were covered in three main 
schedules: 
(1) Schedule II covered demography, labor force, 
employment and child health. Child health data 
were recorded for those under 10 years old. For 
those members who were ten years or older, 
information was recorded concerning their economic 
activities during the preceding week. If employed, 
they were asked about sector of employment, 
occupation, status of work and duration of work. 
Labor incomes from the previous month, both in cash 
and in kind were also recorded for each working 
member. 
(2) Schedule III recorded household consumption and 
expenditure. About 150 food as well as non-food 
items were included. The reference period for food 
consumption was the week prior to the taking of the 
survey. The major food groups identified in the 
survey consisted of cereals, poultry, dairy 
products, beverages (including alcoholic drinks), 
prepared and processed foods and others. The 
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quantity of each defined item and its market value 
were, largely available, enabling one to compute an 
implicit price for the item concerned. The implied 
equivalent calorie and protein nutrients could also 
be computed using the standardized nutrient content 
I  
table. Non-food expenditures were recorded on a 
monthly basis either for the month preceding the 
interview or an average of the previous year. They 
were grouped into housing, fuel and lights, 
clothing, footwear and headwear, services including 
health and education, durable and semi-durable 
goods, and others. 
(3) Schedule IV contained information on household 
economic activities and income flows. It attempted 
to identify the main source of income of the 
respective household and to trace out the 
contribution of each type of income source. Rough 
estimates were available on cost structure, sales 
and net income from household economic enterprises. 
For each food crop enterprise, however, a detailed 
cost structure, production and net crop incomes 
were enumerated on an individual plot basis. The 
^In fact they were already computed and included in the 
SURGASAR data tape by the CBS. However, other nutrients 
such as fat, mineral and vitamins remain to be added. 
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latter was originally part of the Agricultural 
Survey, but it was finally integrated into Schedule 
IV of SUSBNAS because practically all food crop 
enterprises were performed by the household sector. 
Land tenure information such as land ownership and 
control, land rentals and land uses were also part 
of Schedule IV. In addition to incomes from wages, 
salaries and household economic activities, the 
survey also added various other income from rent, 
interest, dividend, pensions, transfers, and 
financial transactions. 
b. Sampling design The sampling procedure adopted 
to draw the sample was based on the 1980 Population Census 
framevork, which at the time was also under preparation. A 
distinction was first made between rural and urban villages 
based on an index of combined rank scores of population 
density, percentage of agricultural households and available 
community facilities. Each village was subdivided into 
enumeration areas along fixed natural boundaries. The 
enumeration areas were further partitioned into census 
blocks, which were the lowest sampling cells containing no 
more than 100 households. 
SUSBNAS samples were supposed to be drawn from both 
rural and urban areas. The Agricultural Survey and the 
Livestock Survey, on the other hand, were to be conducted in 
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rural areas only. To select sample households in urban 
areas, a three-stage sampling was adopted.^ The first stage 
was to select in each province a number of villages 
proportional to the number of blocks. In each selected 
village, a block was then chosen at random and finally 
households were systematically selected after listing and 
arranging them according to their main sources of income. A 
self-weighting design was in effect. 
For rural areas, a three-stage stratified sampling was 
adopted. The administrative district was chosen as the 
stratum. Villages in each stratum were listed and grouped 
based on their population density, lowland areas, and number 
of equivalent livestock. Then, to draw the SUSENAS sample, 
the first stage was to systematically select a sample of 
villages in each stratum with probabilities proportioned to 
the number of blocks (or number of households). In the 
second stage, one or two blocks were randomly selected from 
each of these sample villages. Sample households were 
finally drawn systematically from each block after listing 
and arranging the complete households therein according to 
their type, i.e., either agricultural or non-agricultural 
households. A self-weighting design was also in effect. 
^Except for the special territory of Metropolitan 
Jakarta, in which two-stage sampling was adopted. 
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c. Sample distribution The overall sample size of 
SUSBNAS was around 58,000 households or about 0.1-0.2% of 
total Indonesian households in 1980. Table 4.1 presents the 
sample distribution by provinces and by rural and urban 
disaggregation. 
For the purpose of this study, the full sample from 
rural Java stratum is pulled out. Only information on 
demography (Schedule II) and household economic activities 
(Schedule IV) are used. The latter contains useful 
information on land tenure by land category, harvesting and 
marketing method used, and, especially, the cost structure 
for each crop harvested during the previous year. 
B. Construction of Variables 
The proposed cost function requires data on prices of 
variable inputs, quantities of output produced and some 
fixed factors as explanatory variables. Total variable cost 
and input shares to the cost will be the dependent 
variables. Prices are the most crucial variables that need 
to be treated very carefully. The theoretical restrictions 
of symmetry and linear homogeneity in input prices, as well 
as the notion of homothetic separability in input prices and 
output level, will be misleading if prices are subject to 
severe spurious variation. 
The price variables will include prices for fertilizer, 
wage labor, seed and bullock. In addition, prices for 
Table 4.1. Distribution of households by region, 1980 (CBS, 1985) 
1980 Population Census 1980 SURGASAR Sample 
Rural Urban Total Rural 
(in thousands) 
Urban Total 
1. Java 14,944.0 4,351.9 19,457.7 14,765 8,939 23,704 
OKI. Jakarta — 1,174.7 1,174.7 — — 2,109 2,109 
West Java 4,911.3 1,124.1 6,035.4 3,849 1,915 5,764 
Central Java 4,299.6 935.1 5,234.7 4,788 1,998 6,786 
DI. Yogyakarta 468.5 139.8 608.3 1,217 1,155 2,372 
East Java 5,264.6 1,140.0 6,404.6 4,911 1,762 6,673 
2. Outer Java 8,713.0 2,679.8 10,458.3 4,285 4,334 33,323 
Total Indonesia 23,657.6 6,258.4 29,916.0 19,050 13,273 57,027 
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output of rice and corn will also be required for the 
estimation of the normalized restricted profit function. 
Fixed factors considered in this analysis will include those 
of farm size, farmer's education, quantity of unpaid family 
labor and an index of government program intensity. 
1. Price variables 
Econometrically, the prices used as explanatory variable 
should be exogenous, uncorrelated with the disturbance term 
and measured without error. For any cross-sectional data 
the measurement error and quality differences are 
unavoidable. To minimize the effect of this problem, the 
following approach is adopted. First, cleaning of the data 
is done rather thoroughly using several ratio checks for the 
individual observation and the plausible range of prices for 
each commodity. The latter is obtained from the survey 
manual. 
Secondly, the block or village level prices are used 
instead of the one reported by individual household. 
Information on the values and quantities reported by 
individual respondents in a block are used to construct 
implicit block level prices. An implicit price of a 
commodity is constructed by dividing the total value by its 
corresponding quantity. In effect, the price is a kind of 
quantity weighted average of prices reported by individual 
households. 
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Finally, in the case of a commodity comprised of several 
different qualities, a geometrically weighted average price 
is used: 
n 
log P = z 0. log Pj 
i=li 1 
where P is the geometrically weighted price; 
P^ is the price of the ith quality; 
is the share for ith component. 
A missing value for an explanatory variable is not 
feasible for econometric estimation, otherwise the 
corresponding observation will be effectively deleted. 
Therefore, if a block price is missing, either because of 
non-response or due to unreliable value, it will be replaced 
by the district level price. In the case of district price 
missing, provincial price is used in its place. This is 
also adopted for bullock rent, in which there is no quantity 
recorded in the household data tape, but information on 
bullock rent is available as provincial level. 
a. Fertilizer price (PBFRT) The dominant chemical 
fertilizer used by farmers is urea. Smaller amounts of 
phosphate (TSP) and potassium (KCL) fertilizer is also 
sometimes applied. The survey lumps together all 
manufactured chemical fertilizers. In effect, the implicit 
fertilizer price is an unweighted price of any chemical 
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fertilizer used. Fertilizer price is highly regulated and 
heavily subsidized by the government. 
b. Labor price (PBLBR) Daily wage rate is 
constructed to represent wages for combined pre-harvest 
activities. It is computed a geometrically weighted average 
of wages paid to manual land preparation, hoeing, planting, 
weeding and other forms of crop maintenance. Harvesting 
labor is excluded since it is common that this activity is 
socially arranged and its return is institutionally 
determined. The so-called "bawon" system in rice harvesting 
gives the harvesters about one-twelfth to one-sixth in kind 
out of the amount each harvester picks. In general, the 
farmer has limited ability to control the number of 
harvesters. In "tebasan" system, on the other hand, the 
wage level and the number of harvesters is controlled by the 
"penebas," i.e., the person who have bought the standing 
crop in the field. 
No information concerning the labor category such as 
male, female or child labor is available. However, the 
survey differentiates labor use by the type of activity 
performed, such as hoeing, plowing, planting and crop 
maintenance. Different activities are commonly - though not 
necessarily always so - performed by different labor 
categories and paid at different wage levels. A 
geometrically weighted wage is then used. 
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c. Seed price (PBSSD) Each crop in the data tape is 
distinguished by seed variety planted. In the case of corn, 
as for other palawija crops, traditional and improved 
varieties are distinguished. For rice, six different 
categories are used. 
Seed price is constructed in two stages, by assuming 
separability between commodities. The first stage is to 
construct geometrically weighted price separately for rice 
and corn. The weights used are the value shares for each 
corresponding seed variety. The second stage is to 
construct combined seed price to be used in the multi-
commodity model. For single commodity model, the seed price 
for that commodity is retained. 
d. Bullock price (PBDRF) As pointed out earlier, 
bullock price or bullock rent is, unfortunately, available 
only at the provincial level. These prices are then 
assigned to each observation within corresponding provinces. 
Bullock labor price might not vary as much as human labor 
wage among villages in the same district. 
e. Rice price (PBRCE) On the output side, irrigated 
rice is singled out because of its significant from both 
farmers' cropping system point of view as well as public 
policy agenda. The price of rice used is the implicit farm 
gate price at the block level. Rice price has been subject 
to government regulation. 
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A floor price is usually announced in advance prior to 
the planting season. However, the guaranteed floor price is 
not necessarily effective at the individual farm gate level. 
The government does not purchase rice directly from the 
farmers, but through the village cooperatives, BUUD or other 
contractors. In this way farm gate prices will effectively 
lower than the floor price, depending on transportation and 
other marketing costs and quality differences. This price 
shows enough variation across the blocks for use in the 
model. 
f. Palawiia or non-rice price (PBNRC) Commodities 
other than rice are combined into a single composite 
commodity. The latter includes corn, cassava, and beans. 
The price is constructed in two stages. The first one is 
the construction of bean prices, i.e., a geometrically 
weighted average of peanut, soybean and mungbean. The 
second stage is to construct palawija price, which is the 
geometrically weighted price of corn, cassava and beans. In 
effect separability between corn, cassava and beans is 
assumed. 
Corn price (PBCRN) is also separately retained for corn 
and rice-corn models. 
2. Output quantities 
The survey reported output quantity for each crop 
separately, measured in kilograms of standard commodity 
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units (e.g., dried unhusked grain for rice, fresh form for 
cassava, dried grain for beans, etc.). The data are taken 
directly from the survey, of course, after cleaning process. 
Range of yield per hectare for each crop by type of 
intensification program is provided in the survey guideline. 
Output quantity variables are particularly those for 
rice (ORICE) and corn (QCORN). Aggregate output for all 
non-rice staple crops (QOSTP) and combined beans (OBEAN) are 
also constructed for three-commodity modeling. These 
aggregate quantities are derived by dividing their total 
output values by their respective aggregate price index. 
The latter is the geometrically weighted aggregate price. 
3. Fixed and environmental variables 
a. Adjusted farm size (ZADAR) Farm size is 
considered to be the most important non-price variable. 
Very often, farm land consists of several parcels with 
different quality and fertility. An attempt is made to 
adjust the size of physical area of land controlled by an 
individual farmer. The average land rent information 
recorded in the survey is used as a proxy to a land quality. 
A land quality index is defined as 
4 
FADAR = Z a. * LND. 
i=l ^ 1 
where, 
FADAR = quality adjusted farm size 
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LND^ = the area of the 1th land type controlled 
a^ = a coefficient derived from the land rent to reflect 
relative land quality (see Table 2.13). 
a^ = 1.00 for fully irrigated sawah land 
ag = 0.79 for partially irrigated sawah land 
a^ = 0.61 for unirrigated sawah land 
a^ = 0.39 for up land. 
A land quality index for individual households is also 
derived as 
4 
LOIN = FADAR/S LND. 
i=l 1 
LQIN takes on the value between 0.39 for dry land farmers 
and 1.00 for farmers having all their land fully irrigated. 
b. Farmer's education (FEDH) The level of education 
attained by the farmers is thought to be an important factor 
affecting their managerial capabilities. The education 
should ideally include both formal as well as informal 
education. Only the formal education information is 
available from the survey. The variable reflects the 
highest level of schooling of the head of the household and 
is indexed from 1 to 6: 
where 
1 : never completed third grade level 
2 ; completed third grade 
3 ; completed sixth grade 
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4 : completed ninth grade 
5 : completed 12th grade 
6 : completed academy or university. 
c. Extension intensity (ZEXTN) Group approach and 
area development strategy has been the focus of the 
government extension program since the late 1960s. Wider 
applications of improved technology, supported by input 
delivery system and other incentive programs are implemented 
as an intensification package on an area basis. Therefore, 
the ratio of area under intensification program can be used 
as a proxy for extension intensity. 
There are several programs with different intensity, 
which are used as a weight in creating the index. The 
weight is, arbitrarily chosen, 1.0 for INSUS, 0.8 for 
improved Bimas/Inmas, and 0.5 for other programs. 
d. Unpaid family labor (ZUNPD) Several reasons can 
be cited to differentiate this type of labor from the hired 
one. The persistence of underemployment is the reason for 
assigning unpaid family labor as fixed factor. In some 
cases, they perform slightly different roles vis-a-vis the 
hired labor, and have different valuation based on their 
respective opportunity cost. 
Unpaid family labor is measured in total man days, and 
is left unweighted due to lack of information on their type. 
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4. Costs and returns 
a. Cost and cost shares Total variable cost (VCST) 
is the sum of four variable input costs: fertilizer (VFRT), 
hired labor (VLBR), seed (VSSD) and bullock draft (VORF). 
The corresponding shares to these inputs are, respectively, 
FSHR, LSHR, SSHR and DSHR. By construction all shares sum 
to unity. 
b. Variable profit and profit shares The variable 
profit (VPRF) is accounted for as returns to management and 
fixed factors of production. It is derived by subtracting 
total variable cost from gross revenue. 
The variable profit for the outputs and four inputs is 
then defined as 
2 4 
VPRF = Z GREV. - Z VCST. 
1=1 ^ j=l ] 
where 
VPRF = variable profit 
GRBV^ = gross revenue from output i 
VCSTj = cost of variable input j 
Six profit shares are defined for rice share (RSHR), 
non-rice share (NSHR), fertilizer share (FSHR), labor share 
(LSHR), seed share (SSHR), and bullock share (DSHR). Output 
shares have positive signs and input shares negative signs. 
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C. Summary Statistics 
Summary statistics of rice and corn farms for the 
aforementioned variables related to cost function analysis 
are presented in Table 4.1, Table 4.2, and Table 4.3. The 
data are partitioned into separate farm types, i.e., 
multicrop rice-corn, monoculture rice and monoculture corn. 
They comprise separate data sets for model estimation. It 
has to be noted, however, that the partition is mutually 
exclusive only for the particular observation point of the 
data at hand. The mix of crops planted is in all 
probability an endogneous choice variable. It is determined 
by some of the explanatory variables used in this analysis 
and a host of some other variables as well. But the limited 
dependent variable model suitable for analysis of crop mix 
is beyond the scope of this study. 
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Table 4.2. Summary statistics for rice-corn farms, rural 
Java, 1980 
Variable Symbol Unit Mean 
Standard 
Deviation 
Total variable cost VCST Rp/farm 41,168.521 31,571.641 
Fertilizer share FSHR 0.311 0.660 
Labor share LSHR 0.382 0.163 
Seed share SSHR 0.115 0.058 
Bullock share DSHR 0.192 0.101 
Fertilizer price PBFRT Rp/kg 73.871 7.490 
Labor wage PBLBR Rp/Manday 280.966. 95.491 
Seed price PBSSD Rp/kg 153.743 59.473 
Bullock draft rent PBDRF Rp/day 903.717 92.241 
Rice output ORICE kg/farm 1,653.461 1,550.428 
Corn output QCORN kg/farm 574.179 657.777 
Adjusted farm size ZADAR Ha 0.493 0.448 
Extension intensity ZEXTN 0.434 0.222 
Farmer's education ZEDUC years 1.970 0.958 
Unpaid family labor ZUNPD Mandays 41.741 39.080 
Others 
Rice price PBRIC Rp/kg 88.147 19.231 
Corn price PBCRN Rp/kg 78.965 22.308 
Irrigation index LQIND 0.676 0.169 
Farmer's age ZHAGE years 46.637 12.214 
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Table 4.3. Summary statistics for monoculture rice, rural 
Java, 1980 
Variable Symbol Unit Mean 
Standard 
Deviation 
Total variable cost VCST Rp/farm 51 ,043.178 60,800.319 
Fertilizer share FSHR 0.287 0.113 
Labor share LSHR 0.402 0.164 
Seed share SSHR 0.102 0.057 
Bullock share DSHR 0.209 0.118 
Fertilizer price PBFRT Rp/kg 74.558 10.424 
Labor wage PBLBR Rp/Manday 308.887 103.436 
Seed price PBSSD Rp/kg 171.274 59.950 
Bullock draft rent PBDRF Rp/day 1 ,069.687 271.174 
Rice output OBI CE kg/farm 2 ,612.940 3,247.482 
Adjusted farm size ZADAR. Ha 0.505 0.568 
Extension intensity ZEXTN 0.616 0.264 
Farmer's education ZEDUC years 2.000 0.978 
Unpaid family labor ZUNDP Mandays 29.748 43.335 
Other 
Rice price. PBRIC Rp/kg 94.062 20.409 
Irrigation index LQIND 0.754 0.172 
Farmer's age ZHAGE years 45.664 13.109 
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Table 4.4. Summary statistics for monoculture corn, rural 
Java, 1980 
Variable Symbol Unit Mean 
Standard 
Deviation 
Total variable cost VCST Rp/farm 7,216.526 12,652.909 
Fertilizer share FSHR 0.312 0.284 
Labor share LSHR 0.286 0.316 
Seed share SSHR 0.328 0.314 
Bullock share DSHR 0.074 0.179 
Fertilizer price PBFRT Rp/kg 74.054 8.015 
Labor wage PBLBR Rp/Manday 294.973 98.984 
Seed price PBSSD Rp/kg 117.689 56.726 
Bullock draft rent PBDRF Rp/day 965.200 165.380 
Corn output OCORN kg/farm 526.987 659.876 
Adjusted farm size ZADAR Ha 0.307 0.301 
Extension intensity ZEXTN 0.144 0.217 
Farmer's education ZEDUC years 1.721 0.814 
Unpaid family labor ZENDP Mandays 29.526 34.002 
Other 
Corn price PBCRN Rp/kg 74.720 22.573 
Irrigation index LQIND 0.444 0.110 
Farmer's age ZHAGE years 44.750 12.544 
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V. EMPIRICAL RESULTS AND DISCUSSION 
The multi-product cost function is estimated for the 
case of two outputs, four variable input prices and four 
fixed/environmental factors. Linear homogeneity and 
symmetry conditions are imposed on the cost function, while 
monotonicity and concavity are checked after estimation. 
The more general non-homothetic translog model is used, 
within which some other restrictive models are investigated 
using nested hypothesis testing procedures. 
The cost and input share equations are stacked together 
as a system with one equation dropped to account for 
singularity. To obtain estimators that are invariant to 
which equation is dropped, the Zellner's seemingly unrelated 
regression (SUR) method is iterated over the variance-
covariance matrix of the residuals. If convergence is 
reached, the estimator thus obtained will be asymptotically 
unbiased and should be similar to the maximum likelihood 
estimator. Estimation of the latter is also undertaken to 
cross-check and verify the former. These parameter 
estimates are then used to derive production relationships 
having some policy implications, such as input substitution/ 
complementarity, input demand elasticity matrix, and product 
specific and multi-product economies of scale. 
Hypothesis tests are performed to investigate the nature 
of the underlying production technology. These are tests 
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for homotheticity and homogeneity, output non-jointness, and 
weak separability in output and input prices. The 
likelihood ratio (LR) test is applied. 
Since a translog model does not guarantee the existence 
of global monotonicity and global concavity of the cost 
function, these conditions are checked using the estimated 
parameters at each observation point. Monotonicity requires 
that predicted shares should all be positive. Concavity of 
the cost function requires that the Hessian matrices of the 
second derivatives of the cost function with respect to 
input prices be negative semi-definite, or, equivalently, 
the eigenvalues of those matrices should be non-positive. 
Single-product translog cost function is also estimated 
using out-sample of farmers growing either rice or corn 
only. Input demand elasticities for these monocrop farmers 
are compared with the multi-product counterpart, and a kind 
of weighted input demand elasticities for the subsector is 
obtained. 
Several attempts to estimate multi-product profit 
function do not end up with the expected results. In 
particular, several supply elasticities are persistently 
negative. Some explanatins for this "violation," which need 
further research, are presented. 
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A. Multi-product TL Cost Function 
1. Model specification 
In generalf the multi-product cost function is 
formulated as 
C = C*(P, 0, Z) 
where C is the minimized total variable costs, and as a 
function of vector of variable input prices P, vector of 
output quantities 0 and vector of fixed factors Z. Regular 
conditions of well-behaved technology is assumed, at least 
locally. 
This model is specified for the case of (a) two outputs: 
rice (QRICE) and corn (QCORN), (b) four variable input 
prices: fertilizer (BPFRT), labor (BPLBR), seed (BPSSD) and 
bullock power (BPDRF), and (c) four fixed or quasi-fixed 
factors: the quality adjusted farm size (ZADAR), extension 
intensity (ZEXTN), farmers' education (ZEDUC) and unpaid 
family labor (ZUNPD). 
The bullock price is used as a numeraire to normalize 
other nominal input prices and costs. The share equation 
for bullock power is dropped from the system. Thus the 
final system of equations consists of four equations, i.e., 
the cost function itself and the three input share equations 
for fertilizer, labor and seed. There are 40 variables in 
the system, consisting of 36 exogenous and four endogneous 
variables. After imposing linear homogeneity and symmetry 
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restrictions on the cost function, and due to cross equation 
restrictions in the system, only 37 parameters need to be 
estimated. 
Using shorter notation for the purpose of convenience, 
the equation system looks like this: 
anCT = Og + Oi&nPi + OgAnPg + a^anPg + 
2®ll(^"^l>^ + 2 * 
a^g&nPi&nPg + a^gAnP^&nPg + OggAnPg&nPg + 
6l&nOi + SjilnOj + ^e^^CAnO^)^ + + 812 
AnO^AnQj + YiiAnOj^JlnPj + Y2i*n02*"^l 
AnP^ 4* d^^AnZ^AnP^ 522&nZ2&np2 
*22*"^2*"^2 "*" G^^AnZ^AnPg + 
52^^£>nZ£nP^ + ^23^^^2^^^3 ^ ^ 33^^^3^^^3 G^^&nZ^&nP^ 
+ ''c 
SF = «2 + •*• *12*^^2 *13*^^3 ®21^"®2 
SL = ®2 ^ *12*^^1 *22*"^2 *23*^93 + *l2*^Gl **" *22*^^2 
SS = ag + *12AnP2 + ^23^^^2 ^ *33*^^3 *13*nOi + *23*^^2 
G^gAnZ^ ^23^^^2 ^33^^^3 ^43^^^4 Wg 
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where, 
- the Greek symbols are for the 37 parameters to be 
estimated; 
- CT, S F ,  S L  and SS are the normalized total variable 
cost, and the input shares for fertilizer, labor and 
seed, respectively; 
- Pj, Pg and Pg are normalized input prices for 
fertilizer, wage labor and seed, respectively; 
- Oj and O2 are the assumed exogeneous quantities of 
rice and corn, while to are the fixed factors 
for land, extension, education and unpaid family 
labor, respectively; 
- and finally, the p's are the disturbance terms. 
The four equations are stacked together to compose a 
* 
system to be jointly estimated. Provided that C is a valid 
cost function, and the cost shares are optimal as postulated 
through cost minimization, an efficiency gain is obtained by 
the joint estimation. For smaller sample data sets the 
stacking procedure also has an advantage of "buying" degrees 
of freedom. Conditional on the validity of the cost 
function, the full system can also be used to test the 
optimizing behavior. The corresponding parameters in the 
system have to be significantly equal, if the cost 
minimization postulate holds. 
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2. Model estimation 
The above model is estimated mainly using the SYSNLIN 
procedure of the SAS statistical package. The procedure has 
an iterative option (ITSUR) to obtain invarant estimators. 
Since the model is essentially linear in parameters, namely 
after proper transformation of the explanatory variables 
prior to estimation, convergence is normally reached and 
very quickly. If local instead of global minimum is reached 
or cycling of the iteration occurs, a different starting 
value for the parameters is needed. OLS or uniterated SUR 
paramter estimates are used to provide better starting 
values. 
Maximum likelihood estimation of the non-linear 
procedures in SHAZAM is also used in this analysis. 
Initially, it is used merely to check and verify ITSUR 
results. However, likelihood ratio (LR) tests provided in 
this package is then used for most of the statistical tests 
in this study.^ 
The model is empirically estimated using the data set 
described in Chapter IV. The variables are scaled using 
their respective geometric means, because the Taylor 
^Some programming error has been suspected in the SAS 
SYSNLIN package to conduct hypothesis tests on parameter 
restriction. While the LR test rejects the homotheticity, 
the SYSNLIN fails to reject even the Cobb-Douglas 
restriction. A manual calculation of the % test statistic 
yields result very close to the LR statistic, thus 
confirming the suspicion. 
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Table 5.1. Parameter estimates of the rice-corn translog 
cost function 
Nonhomothetic Model Nomothetic Model 
Parameter Variables Estimate t-ratio Estimate t-ratio 
0^ INTERCEPT 
oV PBFRT 
 , PBLBR 
PBSSD 5 
of, (PBTRT), 
(PBLBR), 
(PBSSD)^ 
afj PBFRT*PBLBR 
PBFRT*PBSSD 
0,:: PBLBR*PBSSD 
QRICE 
0, QCORN _ 
ef, (QRICE); 
&tt (QCORN)^ 
gff QRICE*QCORN 
Y77 QRICE*PBFRT 
Yoj QCORN*PBFRT 
Y,, QRICE*PBLBR 
yii QCORN*PBLBR 
Yfq QRICE*PBSSD 
Ytq QCORN*PBSSD 
gf ZADAR 
fii ZEXTN 
 , ZEDUC 
6. ZUNPD 
6J, ZADAR*PBFRT 
fiij ZEXTN*PBFRT 
6ft ZEDUC*PBFRT 
6:; ZUNPD*PBFRT 
6% ZADAR*PBLBR 
Sii ZEXTN*PBLBR 
ZEDUC*PBLBR 
645 ZUNPD*PBLBR 
6?:: ZADAR* PBSSD 
6i:; ZEXTN*PBSSD 
6!::; ZEDUC*PBSSD 
643 ZUNPD*PBSSD 
10.2623 351.25 
0.3131 47.91 
0.3783 47.72 
0.1156 43.30 
0.1647 4.14 
0.1354 6.27 
0.0661 7.81 
-0.0580 -3.24 
-0.0355 -2.69 
-0.0351 -5.14 
0.4040 13.84 
0.2198 9.75 
0.1461 3.46 
0.0927 3.25 
-0.0756 -3.07 
-0.0002 -0.02 
-0.0074 -1.02 
0.0077 0.68 
0.0180 2.07 
-0.0144 -3.73 
-0.0072 -2.42 
0.2212 5.92 
0.0716 3.20 
0.1125 2.61 
-0.0511 -2.40 
0.0084 0.72 
0.0442 6.29 
0.0387 2.83 
0.0208 3.05 
0.0139 0.98 
-0.0244 -2.87 
-0.0287 -1.73 
-0.0462 -5.60 
-0.0118 -2.45 
-0.0121 -4.24 
0.0012 0.23 
0.0070 2.54 
10. 2640 362. 58 
0. 3132 48. 15 
0. 3782 47. 61 
0. 1156 41. 87 
0. 1673 4. 27 
0. 1360 6. 27 
0. 0646 7. 56 
0. 0560 -3. 12 
0. 0391 -2. 98 
0. 0397 -5. 60 
0. 3690 14. 11 
0. 1946 9. 69 
0. 1432 3. 48 
0. 0916 3. 27 
-0. 0752 -3. 14 
0.2595 7.28 
0.0815 3.77 
0.1154 2.75 
0.0553 -2.68 
0.0046 0.50 
0.0441 6.71 
0.0392 2.88 
0.0220 3.26 
0.0287 2.53 
-0.0220 -2.75 
-0.0285 -1.72 
-0.0489 -5.97 
-0.0022 -0.55 
-0.0160 -5.74 
0.0004 0.07 
0.0079 2.74 
Log Likelihood Value 995.4543 982.9716 
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expansion around zero is equivalent to scaling the data 
around the geometric mean (Boisvert, 1982). It has a 
special advantage, because some coefficients then have 
a direct interpretation, that is, that the translog model 
is evaluated at the mean values. For example, the esti­
mated o^'s are the predicted mean of the ith input shares. 
3. The estimated parameters 
Table 5.1 presents the estimated parameters of the 
model. Seventy percent of the parameters are significant at 
1% level, and 11% at the 5% level. The insignificant 
coefficients are confined to some of the second order or 
interaction variables. The results show that relative 
factor prices, production levels, and all fixed factors have 
significant influence on the optimal cost of production. 
The intercepts (o^'s) of the share equations amount to 
the predicted mean of input shares. These values correspond 
closely to the sample means presented in Chapter IV. 
The cost flexibility (Jorgenson, 1986) for each output 
is shown by the coefficient, which is positive for both 
rice and corn. On the average output can be expanded, 
conditional on the availability of required inputs, at less 
than proportional increase in total variable costs. And 
corn expansion requires less cost than rice. The cost 
flexibility is inversely related to the notion of economies 
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of scale. Both crops, therefore, show increasing return to 
scale. 
Eleven parameters related to bullock price, which is not 
directly estimated, are recovered using the linear 
homogeneity and symmetry restrictions previously imposed. 
The complete parameters will be used to derive price and 
scale responses discussed later in the following section. 
2 
The generalized R (Berndt and Khaled, 1979) is used as 
" a measure of goodness-of-fit of the system. This measure is 
based on the difference between the maximum likelihood value 
of the full model (LU) and the one with all slope 
coefficients restricted to zero (LR). 
R^ = (1-EXP(2*(LR-LU)/N) 
= (l-EXP(2*(639.3098-995.4543)/336) 
= 0.879 
The R = 0.879 is considered good for the use of cross-
sectional data. 
4. Monotonicity and concavity check 
At the mean of the observations, both monotonicity and 
concavity conditions of the postulated cost function are 
validated. Predicted cost shares are all positive, as 
evidenced from the coefficients reported above. Thus, 
monotonicity is verified. 
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The concavity of the estimated cost function, evaluated 
at the mean, is also supported by the data. The Hessian 
matrix, i.e., the matrix of the second derivatives with 
respect to the logged prices is 
r = {(o^j)}. 
The sufficient condition for concavity of the translog cost 
function is that r be negative semi-definite (Jorgenson and 
Fraumeni, 1981). But this is too strong a statement. A 
weaker concavity condition, shown in Lau (1986), is that the 
matrix 
H = r - [DIAG(S)-S'S] 
be negative semi-definite, where S is the vector of input 
shares. This is a necessary condition for weak concavity. 
It can be investigated by substituting estimated parameters 
and finding the eigenvalues. Thus, at the mean, the Hessian 
becomes 
-0.0503309 0.0604307 0.000689525 -0.0107893 
H = 0.0604307 -0.0998188 0.00834097 0.0310472 
0.000689525 0.00834097 -0.0360559 0.027054 
-0.0107893 0.0310472 0.0270254 -0.0472833 
The eigenvalues or characteristic roots of H are those A's 
solving the equation 
det H-AI = 0 
where I is the identity matrix of 4x4. Solutions exist for 
= (2.8909)"^^ Ag = -0.0186 
Ag = -0.0646 A^ = -0.1503 
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Three of the four eigenvalues are strictly negatives, while 
one of them is very close to zero. The estimated cost 
function can be considered concave, though not perfectly so. 
The next step is to Investigate monotoniclty and 
concavity at every point of the data sample. This step is 
rarely done in empirical analysis, but it is considered 
necessary if qualification of the empirical results has to 
be made. Again, monotoniclty is verified at all data 
points, since predicted input shares for each observation 
are positives. This is shown in Table 5.2. 
Concavity at all data points is, however, not supported 
by the data* Measurement error in cross-sectional data is 
one reason. But taking into account the possible 
measurement error, and other errors in model specification 
and optimization adjustments on the part of the farmers, the 
question is to investigate whether or not there exists a 
systematic violation of concavity. 
Evaluation of the eigenvalues at every observation 
reveals a rather interesting result. Ninety-eight of the 
observations, or 29.2% of the total sample, violate 
concavity by having positive eigenvalues. But, not all of 
their eigenvalues are positive. The positive eigenvalues 
are found only In the fertilizer price space, while in the 
other three input price spaces the values are still 
negative. It means that the cost function is everywhere 
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Table 5.2. Predicted input shares at each data point 
Variable N Mean Minimum Maximum C. V. 
Fertilizer share 336 0.3131 0.0320 0.4728 18. 524 
Labor share 336 0.3783 0.1352 0.7107 21. 174 
Seed share 336 0.1156 0.0483 0.2619 28. 605 
Bullock share 336 0.1930 0.0970 0.3033 19. 798 
concave, except at the fertilizer price space. Moreover, 
the latter is confined to about 30% of the observation. The 
influence of this "micro" non-concavity is not strong enough 
to make the average cost function to be non-concave. Recall 
that Aj for the mean observation, which corresponds to 
fertilizer price, is not non-positive. A very small 
positive value, i.e., (2.9) is obtained. All input 
demand functions are, therefore, still downward sloping. 
It should be noted that the eigenvalue test is in itself 
not a robust one. A further investigation shows that about 
35% of the concavity violation belongs to the group of 
farmers where government intensification program is the most 
intense. And, it also relates to farms with better 
irrigation and larger sizes. 
The hypothesis of non-association between the index of 
program intensity (row) and the degree of non-concavity 
(column) of Table 5.3 is significantly rejected. The 
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Table 5.3. Contingency table for program intensity and 
degree of non-concavity 
Eigenvalue 
Program 
intensity E£0 0<E<0.001 E>0.001 Total 
1st Quantile 20 33 15 68 
2nd Quantile 22 38 16 76 
3rd Quantile , 36 42 26 104 
4th Quantile 22 12 7 41 
5th Quantile 12 20 35 57 
Total 112 145 99 356 
Mantel-Haenzel chi-square statistic and the likelihood ratio 
chi-square statistic both reject the hypothesis of 
non-association at 1% level. The latter test is based on 
the ratio between the observed and the expected frequencies. 
There is no statistically significant difference between 
the model using the full sample and the one excluding the 35 
non-concave cases. The test is done using the usual F-test. 
(SSEp - SSEj^)/35 
F =• — SSË; f35,278 
= LiiMtzumum 
42.040/278 
= 0.455 
Ill 
The test fails to reject the hypothesis of structural 
identity between the two groups. 
5. Tests on underlying technology 
Several hypotheses concerning the underlying production 
technology are tested. This is part of an important step to 
be taken to verify the specified model for estimation 
purposes. Three tests have been undertaken: (i) 
homotheticity test, (ii) test for non-jointness in outputs, 
and (iii) weak separability test. The result is presented 
in Table 5.4. Likelihood ratio tests are used throughout. 
Homotheticity hypothesis, or strong separability between 
inputs and outputs, is significantly rejected. Homothetic 
production structure is, therefore, too restrictive and less 
appropriate for modeling rice-corn farms in Java. The 
result suggests that input use by those farms are not 
independent of the composition of output. The test is done 
sequentially in increasing order of restrictiveness, i.e., 
from non-homothetic, homothetic, and homogenous.^ Since 
homothetic is rejected, it clearly precludes further tests 
for more restrictive models. Linear homogeneity model like 
the Cobb-Douglas specification is, therefore, not 
^Referring to the general model of section one of this 
chapter, the model is (i) non-homothetic if f 0 and g., 
* 0, (ii) homothetic if y,-„ = 0, and (iii) homogeneous if 
— A 3 a — A ir 
Table 5.4 Hypothesis tests on the underlying technology 
Hypothesis Linear Log (g) Table 
Tested Restriction Likelihood 
(HQ) (RB=C) (-2 log X) G 1% 5% Remarks 
1. Homotheticity 
(strong separability) 
Tir = 0 
V^e input 
output 
24.978 16.812 12.592 Reject 
Homotheticity 
(Non-
homcthetic 
model is 
appropriate) 
2. Approximate 
Non-Jointness 
in outputs 
*12=-*1**2 9.927 6.635 3.841 Reject Non-jointness 
(No justifi­
cation for 
single 
commodity 
model) 
3. Weak Separability 
in output levels 
in input prices VpfgG output 
1.797 3 11.341 .7.815 Fail to 
Reject Weak 
Separability 
(Permissible 
to have 
aggregate 
output 
model) 
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appropriate in this case. Non-homothetic model is a better 
specification, and this implies that (i) cost minimization 
expansion path is non-linear, (ii) economies of scale is 
non-constant, and depends upon relative factor price and the 
mix of output, (iii) partial elasticity of substitution is 
also non-constant. 
The hypothesis of non-jointness in output is .also 
significantly rejected. It is wofth noting that the test is 
an approximate test (Hertel, 1984). The rejection of 
non-jointness implies that single-product model for those 
essentially multi-product farms in Java that grow both rice 
and corn, involves a misspecification. As already noted in 
Chapter I, there are reasons for the existence of jointness 
in production that arises from (i) technical relationship in 
the form of multiple cropping, (ii) the presence of 
non-allocable inputs, especially land. 
The next test is for weak separability in output levels 
and input prices. We fail to reject the hypothesis of weak 
separability, which implies that there exists a consistent 
aggregation for rice and corn outputs for the sample space. 
In other words, it is legitimate to formulate an aggregate 
translog cost function. If one uses time series data to 
estimate the model, a Divisia index for the aggregate output 
can be constructed (Diewert, 1976). 
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In addition, a cross-equation restriction between the 
cost function and share equations is also tested. If the 
proposed function is a valid one and cost minimization 
behavior is the order, then parameters of the share 
equations should be theoretically equal to their 
corresponding counterparts in the cost function. This is 
logical because the share equations are derived from the 
cost function by means of Shephard's lemma (Appelbaum, 
1979). The test rejects the hypothesis of cross-equation 
restriction at one percent significant level. However, in 
the subsequent analysis cross-equation restriction is 
imposed, together with other restrictions like linear 
homogeneity and symmetry of the cost function. This a 
priori restriction- is a common practice, but needs to be 
explicitly spelled out. 
6.. Input demand elasticities 
Table 5.5 presents the matrix of input demand 
elasticities for the rice-corn model. The elements are 
derived using the formula (corresponding to the symbols in 
section 1): 
a 
e 
for own-price. 
a 
a n d  ^ .  -  S .  +  - - ^  
J s 
for cross-price 
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Table 5.5. Input demand elasticities for  rice-corn model 
Fertilizer Labor Seed Bullock 
Input Prices 
Fertilizer -0.159 0.159 0.002 -0.060 
Labor 0.195 -0.264 0.074 0.163 
Seed 0.001 0.022 -0.310 0.140 
Bullock -0.037 0.082 0.233 -0.243 
Input Share 0.313 0.378 0.116 0.193 
The magnitude of the elasticity depends upon the coefficient 
in the cost function as well as the cost share of the input. 
All own-price elasticities are negative, as expected. 
The result indicates that Javanese farmers are responsive to 
input price changes, though quantitatively modest. 
Own-price elasticities range from -0.159 for fertilizer to 
-0.310 for seed. Input demands are inelastic. Fertilizer 
demand is the most inelastic of all. A 10% increase in 
fertilizer price, for example, will reduce fertilizer use by 
about 1.6%. The corresponding figure for labor, seed and 
bullock are 5.2%, 6.2% and 4.8%, respectively. The low 
fertilizer demand elasticity is probably due to the 
"necessity" nature of fertilizer by Javanese farmers, who 
need to produce sufficient output out of limited land. The 
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government intensification program with recommended input 
package and input subsidies is no doubt also responsible for 
the low elasticity. 
The cross-price elasticities are smaller than the 
own-price. In other words, input demands are more 
responsive to changes in their own price compared with the 
changes in the price of other inputs. Cross-price 
elasticities are mostly positive, except for 
bullock-fertilizer pair. This is related to the partial or 
pair-wise Allen-Uzawa elasticity of substitution (AUBS) 
presented in Table 5.6. All inputs are net substitutes, 
except for bullock and fertilizer that complement one 
another. The AUES are computed using the formula 
®ii = (*ii + ®i^ ' = e.^/S. 
and j = (a^j + Si ' Sj)/(S^ 'SL) = 
7.. Economies of scale 
In a multi-product framework, the level as well as the 
mix of output determine the behavior of the unit cost 
configuration. The hypothesis test on the structure of 
production technology in the.previous section has 
established that the expansion path is non-linear. The 
multi-product scale economies (Cowing and Holtman, 1983; 
Akridge and Hertel, 1986), which measures the change in 
total variable costs due to a simultaneous change in all 
outputs holding relative factor prices and fixed inputs 
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Table 5.6. Partial elasticity of input substitution for 
rice-corn model 
Fertilizer Labor Seed Bullock 
Fertilizer -0.512 0.512 0.008 -0.193 
Labor -0.690 0.195 0.428 
Seed -0.694 1.214 
Bullock -1.260 
constant, is found to be between 1.023 and 3.002 with the 
mean 1.665. It suggests that, within the sample space, the 
average farms are operating in the region of increasing 
returns to scale. 
The marginal cost is graphically presented in Figure 5.1 
for rice. The marginal cost curve is sharply decreasing at 
the low levels of output, and then slightly decreasing and 
almost flat as output increases. At the declining portion 
of marginal cost, the average cost is theoretically still 
declining and positioned above the marginal cost curve. The 
graph for corn (not shown) also has comparable behavior. It 
suggests that there still exists a potential capacity among 
Javanese farms to increase production economically, given 
the price structure and resource availability. It is worth 
noting, however, that similar investigation using 
7 4 
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Figure 5.1 Marginal cost of rice production, 1980 
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cross-sectional data seems to obtain almost invariably an 
L-shaped average cost curve (Martin, 1983). 
The scale elasticity for specific products, which 
measures the percentage change in total variable cost over 
percentage change in quantity produced, has an average of 
0.596 for rice and 0.780 for corn (Table 5.7). Outputs can 
be increased with less than proportional increase in costs. 
B. Other Models 
Several translog models are investigated and the results 
will be briefly reported. These include (i) single-product 
cost function models, (ii) aggregate output cost function 
model, and (iii) normalized restricted profit function 
model. Only the own-price elasticities of input demand are 
presented. 
1. Single-product TL cost function 
The single-product models are for the monocrop farms. 
The hypothesis of non-jointness for multicrop farms has been 
rejected, which implies that one can not use the 
single-product model properly for the factually rice-corn 
multicrop farms. There exists an interdependent of input 
uses between the two crops. But some farms grow either rice 
or corn only. The sample shows that 15.4% are growing rice 
and corn, 58.0% rice only, and 26.6% corn only. 
Theoretically, and particularly in the longer run 
120 
Table 5.7. Product specific and multi-product scale 
economies, rice-corn model 
Mean Minimum Maximum CV 
Multi-product 
returns to scale 
1.665 1.023 3.002 20.59 
Scale Elasticities 
Rice 0.596 0.388 0.791 12.55 
Corn 0.780 0.584 0.960 8.81 
Marginal Cost 
-
Rice 12.70 4.10 60.00 57.40 
Corn 26.25 2.70 266.80 117.61 
perspective, the crop combination is a decision variable. 
This discrete or quantal choice can be a function of those 
variables already included in the above cost function 
analysis. But some other variables like agroclimatic 
conditions, local markets and crop profitability, tradition 
and individual farmers' preference might be more important. 
If one considers that the choice of crop combination is 
crucially important, i.e., within his or her time frame and 
analytical framework, then the crop choice decision could be 
modeled recursively or simultaneously. A multivariate tobit 
model might be necessary if endogenous choice of crop 
combination is involved. In the present study crop 
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combination is treated as exogenous to the model and is 
assumed relatively stable, at least in the short run. For 
pragmatic purposes, input demand elasticities of the rice 
and corn subsector can be obtained approximately as a 
weighted average of the elasticities of the three 
subsamples. The proportion of farms can be used as the 
weight. The statistical fit of the three models are good, 
and the result is presented in Table 5.8. 
Own-price elasticities of input demand for monocrop corn 
are higher compared to those of monocrop rice. The bullock 
demand for monocrop corn is elastic, probably due to the 
fact that the major portion of corn is grown in East Java, 
where bullock draft is widely used and more easily 
available. The weighted own-price elasticities are still 
modest, ranging between -0.213 for fertilizer demand and 
-0.606 for bullock. 
2. Aggregate output TL cost function 
Recall that the hypothesis test in part A of this 
chapter has established the legitimacy of using an aggregate 
output model for the rice-corn farms. What is needed is an 
index number of output that represents a consistent 
aggregate of its constituents. Diewert (1976) shows that 
the Divisia index is an ideal index number for the translog 
model. The Divisia index is best constructed if one uses a 
time series data. For the purpose of this study, which uses 
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Table 5.8. Farm type specific and subsectoral own-price 
elasticities of input demand 
Own-price elasticity 
Proportion 
of farms Fertilizer Labor Seed Bullock 
Monoculture 
rice 
(0.580) -0.129 -0. 183 -0. 316 -0. 166 
Monoculture 
corn 
(0.266) -0.427 -0. 407 -0. 621 -1. 774 
Multicrop 
rice-corn 
(0.154) -0.159 -0. 264 -0. 310 -0. 243 
All farms 
(weighted) 
(1.000) -0.213 -0. 255 -0. 396 -0. 606 
a cross-sectional data, the aggregate output is approximated 
by dividing the total value of rice and corn output by an 
aggregate price index P, where 
log P = @2 log P^ + og ^2 
and Pj and Pg are prices of rice and corn, 
@2 and «g their value shares, respectively. 
The model is estimated using the same data and variables 
applied for the multi-crop model, except that now only one 
quantity of output variable and its interaction terms appear 
as explanatory. Fewer parameters need to be estimated, 
which is quite an advantage if the number of observation is 
limited. 
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The statistical fit for this aggregate model is quite 
good, and the derived input demand elasticities are 
practically the same as those from the multi-product model 
(Table 5,9). For additional comparison, the result of the 
single-product model applied to the factually multicrop 
farms is also presented in Table 5.9. The latter model, 
which is not legitimate according to the test of 
non-jointness, eventually produces elasticities that deviate 
greatly from the multi-product and the aggregate models. 
The results of the hypothesis tests seem plausible. 
3. Normalized restricted TL profit function 
Actually the study starts with investigation of the 
multi-product profit function. The results, however, have 
been always frustrating: the output supply elasticity for 
rice turns out to be persistently negative. In other words, 
the estimation produces a downward-sloping supply curve. 
Similar results have been obtained from different versions 
of the formulated models and data. These include (i) 
multi-product model, aggregate output model, and 
single-product model; (ii) using block average instead of 
individual observation; (iii) using iterated SUR techniques 
as well as MLE. 
Mathematically, the negative sloping of the supply curve 
is caused by a non-convex profit function. Estimation of 
the multi-products model using iterative SUR technique 
124 
Table 5.9. Comparison of own-price elasticities of input 
demand from various models of TL cost functions 
Model Fertilizer Labor Seed Bullock 
1. Aggregate output -0.150 -0.268 -0.318 -0.250 
2. Multi-product -0.159 -0.264 -0.310 -0.243 
3. Single product® 
a. Rice -0.086 -0.340 -0.175 _b 
b. Corn -0.720 -0.371 -1.090 b 
*Not legitimate, just for experimentation. 
^Not computed. 
yields local optimum and cycling of iteration. The 
non-iterative SUR is then used to generate starting values 
for subsequent estimation applying the MLE technique. The 
latter converges and gives significant parameter estimates, 
which is finally used to check the convexity condition. The 
result shows that about 50 percent of the eigenvalues are 
non-positive, indicating great violation to the maintained 
hypothesis of convexity of the profit function. 
It is worth noting that the profit function contains 
information on the underlying production structure as well 
as behavioral response of (assumed) optimization. Either 
the technology or the behavioral response, or both, could 
contribute to the above violation of a priori expectation. 
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Furthermorer individual behaviors are sometimes closely 
related to the institutional setting of the society. Taking 
the negative supply elasticity as empirical fact, the 
problem is to find a possible and plausible explanation for 
it. The argument can be classified as technological, 
behavioral, institutional, and other factors. 
Theoretically, profit maximization in a competitive 
market requires that the underlying technology be decreasing 
returns to scale. Profit maximization will break down under 
increasing returns, while for constant returns to scale 
needs further assumption of zero profit (Varian, 1984). 
Recall from part A of this chapter that decreasing or at 
least constant returns to scale is found. 
Small farmers are no less rational in economic 
calculation in farming, mainly when the fate of the whole 
family is at stake. However, whether farmers are profit 
maximizer in their production activity by following the rule 
of complete and smooth adjustment to marginality conditions, 
is a different question. Incomplete information and the 
attitude toward risks preclude the smooth adjustment 
process. Furthermore, the small farmer is not a pure 
producer, but a household that simultaneously, or at least 
recursively, making decisions on production, investment as 
well as consumption. In this context a backward bending 
supply curve is not impossible. With limited land 
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resources, increasing the quantity of output to provide 
sufficient and secure food supply for the family might be 
placed in the highest ranking on the farmers* priority 
scale. The government has exactly stressed this output goal 
by launching a massive and consistent intensification 
program to achieve rice self-sufficiency. The recommended 
input package is in general not based on profit maximization 
criteria. Competition for the highest yields is an integral 
part of the campaign, in which attractive rewards are 
provided from the village up to national levels. 
Another possible explanation for the negative supply 
elasticity is the institutional set up, especially of input 
and output markets. Market integration is not yet complete 
and market structure is not perfectly competitive. The 
government subsidizes the production/importation and 
distribution of non-labor inputs, and guarantee a floor 
price for rice and, to some extent, corn and other outputs. 
As pointed out earlier, the government does not purchase 
rice directly from individual farmers at the farm gate. The 
guaranteed floor price is effective at the local cooperative 
level. This arrangement, on the one hand, will generate 
greater price variation at individual farmer level, which is 
a virtue for cross-sectional analysis. On the other hand, 
farm gate price variation will not only reflect 
transportation cost, but also depend on the local market 
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dynamics of supply and demand. Unfortunately, the SURGASAR 
data set used for this study records quantity and value of 
output, thus the implicit price, during the month of 
February/March that coincide with the main harvest season. 
It is very conceivable, then, that high volume of production 
co-exists with low price, and production failure or low 
output correlates with higher price. This phenomenon could 
partly explain the downward sloping of the supply curve. 
The above description sheds some light to better 
understand the "unsuccessful" attempt to getting positive 
supply elasticities. Without the background understanding, 
one might be tempted to illegitimately impose the convexity 
condition as part of the additional maintained hypothesis in 
the estimation. 
C. Policy and Research Implications 
Probably the study ends up with more suggestions for 
further research than what can be suggested for quantitive 
practical policy decision. Application of theoretical 
construct developed within the neo-classical tradition to 
"developing" economies, should take into account the 
structural, institutional and behavioral distinctiveness of 
the respective economies. The bundle of maintained 
hypotheses should be scrutinized, especially if the analysis 
yields results that "violate" or are not consistent with a 
priori expectations. 
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1. Research implications 
The inappropriateness (or reputation?) of the profit 
maximization hypothesis in this study using a cross-
sectional data need further investigation. The explanations 
for possible violation of profit maximization presented in 
the preceding section, which includes technological, 
behavioral and institutional aspects, need to be sharpened. 
Sri Handoko's (1983) finding of "the deviation from profit 
maximization" and Junankar (1986) criticism of the "use and. 
abuse of profit function" need to be taken more seriously. 
In this relation, the nice results of Antle and Aitah (1986) 
using the normalized restricted profit function on regulated 
Egyptian agriculture is rather surprising. 
Whenever profit maximization fails to be maintained, the 
weaker assumption of cost minimization could be suggested as 
"safer" alternative. The adjustment for optimization for 
multi-product firm will then exclude movement along 
production possibility frontier, and restricted to movement 
along minimum cost expansion path. A relatively richer 
technological relationship can still be recovered in this 
way. Improved modeling by incorporation of guantal choice 
of crop combination, and incorporation of consumption 
decision in a household framework, need to be encouraged. 
The available time series data could be made use. 
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The rejection of non-jointness and the legitimation of 
output aggregation, such as established in this study of 
rice-corn farming system, should be expanded to other 
commodities and cropping systems as well. The issue of crop 
diversification in Java, after the extensive establishment 
of "progressive rural structures" and successful production 
drive for rice, need to be analyzed in a multi-product 
framework. The multi-product modeling is not only a proper 
approach, but is also capable of providing richer 
information on production responses. 
The L-shaped MC and AC curves, which Martin (1983) noted 
as "invariably produced by farm size analysis using cross-
sectional data," seems more readily be interpreted as 
depicting LRAC curves. The curve thus represents the 
response of an economy taken as a whole rather than of the 
individual farmers whose production potential is constrained 
by the availability of fixed resources and technology. In 
this relation, the "analysis of constraints" coordinated by 
IRRI since 1970s need to be expanded to cover not only 
contraints on rice yield, but includes both technological, 
institutional and behavioral constraints to increase 
production, income and employment. The study will also need 
to incorporate the role of group approach within the small 
farmer development strategy, which has proven to be 
effective, at least in the Javanese/Indonesian context. 
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Finally, in the data generation stage it seems opportune 
for researchers in developing countries not to be passive as 
potential data users. The design of the expensive national 
surveys require some theoretical and analytical framework 
for future data analyses, in which researchers can 
contribute. 
2. Policy implications 
Policy design for developing countries can take two 
formsr i.e., (1) "structural reform" to build the basic 
foundation of viable agriculture, and (11) "fine tuning" 
which works within the existing structure, such as price 
policy. The study points out the success of small farmers 
development strategy through the establishment "progressive 
rural structure" at the village level. This step should be 
strengthened and expanded to cover all potential 
agricultural areas. It Includes (1) the development, local 
verification and adoption of improved technology, (li) the 
establishment of a network of imput delivery system, (ill) 
construction of physical infrastructures, (Iv) Improvement 
and enhancement of rational behavior and skills, both 
technical, managerial and organizational. The merit of 
group approach and active farmer participation in social 
decision making needs to be encouraged. Not only the system 
integration needs to be enhanced, but social integration in 
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the course of socio-economic transformation needs to be 
harnessed. 
The production drive especially for rice self-
sufficiency, based on the strong rural infrastructure, has 
been to some extent successful. The same rural basis can 
also be used to promote production drive for other improved 
commodities, and to the diversification of agricultural and 
rural sector. Policy design in this later phase of 
development needs to be placed in a broader scope and system 
perspectives. 
The multi-product analytical framework is just the first 
step toward proper modeling. In this way interrelationships 
and interdependency among inputs and outputs could be 
simultaneously analyzed. 
Modest but significant price responses are found, with 
differential magnitude and impact across commodities. 
Changing input prices, such as the gradual phasing out of 
fertilizer subsidy will affect not only rice, but also corn 
and other commodities. The impact on corn will likely to be 
relatively greater than on rice. The changing corn 
technology since early 1980s and the better market for corn 
might change the impact. 
Net substitutes are found among most major inputs. 
Cheap fertilizer or small machinaries will possibly displace 
some hired labor. But for some areas, where "labor scarcity 
132 
in the labor abundant areas" exists, both fertilizer and 
small machinaries can help to maintain production. The 
reverse is true if fertilizer subsidy is gradually removed, 
though not symmetrically. 
Based on the scale economies analysis, there seems to 
exist an unexploited production potential which needs to be 
tapped. The differential impact on subsectoral growth on 
in&ut demand and cost reduction among commodities indicate 
the need to consider distributional impact of policy 
decision. For small farmers with limited amounts of land 
resources, however, the biggest potential would be the 
stream of new land-augmenting technologies. The new 
biotechnology could be directed toward helping the small 
farmers with diverse agroclimatic conditions. 
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